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{57} ABSTRACT

Mazhods for the wearment of lymphama by adminstration of
a B ceB-specific sndbody are deserbed. The invention
sncompasses providing to a patisnt both urlabeled antibed-
tes and antibodies labeied with a mdinisotops. A principal
advaniage of the method is that wmor responses can be
chinined in a rediometric dose range that doss net regeine
hematopoietic stem cell replazement as an adjunct therapy,

25 Claims, 7 Drawing Shests



U.S. Patent Jan. 21, 1997 Sheet 1 of 7 5,595,721

FIG.1A



U.S. Patent Jan. 21, 1997 Sheet 2 of 7 5,595,721




U.S. Patent Jan, 21, 1997 Sheat 3 of 7 5,595,721




U.S. Patent Jan. 21, 1997 Sheet 4 of 7 5,595,721




U.S. Patent Jan. 21, 1997 Sheet 5 of 7

FIG. 3A

COOK
Y

NHz»

p-NO»-Phe

STEPI HCl
Me(H

0
1t

c
\
02N~<C::>y/“\r’ OCH3

NHoHC
me-p~N02-Phe

STER2 TEA CHg
HoN NHa2

p-NO2-Bz-2-Oxo-methyl-diethylenstriomine

STEP3 BHTHF
HC!

¥HCH3) CH3(H)

NH2
p-NOp-Bz-methyl- dte‘rhyl&ne‘mamme

STEP4
COOH

H(?Hg,) (I:H 3(H)

5,593,721



U.S. Patent Jan. 21, 1997 Sheet 6 of 7

F1G. 3B

H(CH3 CH3(H1

Q/Y\*“\

COOH COOH
COOH COOH
p-NO5-Bz- methyl-DTPA
H2
STEPS Pd/C
pHIO

HICH) CHaH

e A

(] F\l‘\’\ )

“ YT CDOH COOH
COOH OH
p-NHo -Bz-meihyl-DTPA

Lep]

STEPS c
/N

Ci Cl
pHB.5

H(?H3) C,:H3 {H)

1 !

SCN.Q/YFN/_—?N\

(.(N COOH  cooH CooH
ODH COCH
p-SCN-Bz- methyl-DTPA

5,595,721



5,595,721

Sheet 7 of 7

Jan. 21, 1997

U.S. Patent

§  1-vad
i Bio
¥ " (8eddionL
i (€2q0) 98 i
] s9 i
k| (§2d0) 1421l :
__ i3 (2zadics
Ty (edsyes
L by
olaosr |
s B5
{0202} 1§ |
(6102} by
T £i/el
TUNINYIL ONILYHI41M08d/QA LYALLDY ONILS3Y 8-34d WALS
¥ 9ld




5,395,721

i

RADIOIMMUNOTHERAPY OF LYMPHOMA
TSING ANTL-CD20

FIELD OF THE INVENTION

The invention relues 1o thempy of lymphoma using
anibodies direcied 1o an antigen present on the surface of
e lymphoma cslis, The antibedy demonsirates B thesapeu-
tic efiecl when admimisiered per so, however, greally
enhanced therapentic effect is seen when bt antibody is
labeled with 2 toxic substance, c.p. radivactively fabeled.
The amount of radiszctivity used to labe] the antibody is
preferably low enough that toxicily 10 bone marow and
ather tssues is avoidzd, yel high encugh to effect complere
menssion of the Jymphoma.

DESCRIFTION OF RELATED ART

Although significant advancss have besn made in the
wrearment of aci-Hodgkin's lymphoma over the past two
tezades, @ curalive regimen for paients with low-grade B
cell lymphomas has yet 1o be developed, In addition, durzbie
romission in patients treated with varous regimens for
refractory imermediaie- and hiph-grade lymphomas have
besn relatively rare (1), Receat anempts wilizing supralethal
chamotherapy combined with radioth=rapy followed by
bone marow transplantation have resulied in o approxi-
mately 20% long term dissase-free survival rate (2). How-
cver, mast paents reazed in this manner die of lymphoma
ar trearment related complications. Therefore, new siralogies
for the treatment of non-Hodgkdn's lymphomes are aseded.
These siraispies should bave a5 their goal the maximization
of fierapeutic effect coupled wilk the tinimization of
toxicity.

Omne approach iovolves the use of menoclonal antibodies
which recognize mmor-associaied antipens 25 8 means of
targeting drups or radioisolopes o Wmor celts, This
spproach is particularly anmctive i the case of oon
Hodgkin's Jymphomes as the mmer cells of (hese lympho-
mas display a variety of wmorresicied antigens on their
call surfaces which would be availeble for targeting (3},

The raienale for urilizing such an approach is frther
suppovied by the abservaion that monocionat antibodies by
themselves can exhibit antimmor effects in vive, Of &l the
melignencies that have been reated wilh montctonal ati-
bodies to date, the lymphomss have yielded the most drs-
matic mmselts. In particalar, significant umor Tegressions
have been repored in paiients weated with monoslomal
antj-idiotype antibodies (4,5), Most of the tumor responses,
howeves, have been incomplete mnd of relatively shont
durstion, Ths pracrical problem of gencrating anti-idiorype
anibodies specific for each individul patent's idiotype and
the emergence of idiotypic varians during anzi-idiotype
therapy (6) restricts the utility of such an appreach.

In light of these Bndings, it is worth considesing whether
less sesuicied antipens on lymphoid wmor celts might be
appropsiate 1arges for therapy. In general, anti-wmor effects
of mitfbodies against such antigens have only bech modest
Patients with chronic lymphocytic Jeukemin (CLL) and
cutzneous T-cell lymphomas, for instance, have been Lreated
with the T10} antibady which binds a 65 Kd glycoprotzin
present on malignant and some nommal T-cells (7). Transient
reductions in circulzting malignant cells iz CLL patiems aod
\emporary improvements in skin Jesions in cuzneous T-cell
lymphoma patients, have been demonstrared  (8-11),
Recely, 3 mumber of musine monoclong) antibodies have
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bean develpped which vecognize amiigenic sitzs on both
malignant and norma) humpan B colis (12-19), These pan-
B-cell antibodies have boen useful in classifying lymphomas
and in defining the ontogeny end biology of normal B c=Hs.
Therapeutically, these antfbodies have principally been used
in ex vivo purging of aulologous bone marow of malignant
cells prior 1o bane mamow ransplantation (20-22). The
limited experigpee with these amibodies gs therapeutic
agents in vivo has indicated only modest activity (22, 23).

Because of the limited effcacy of unmodified antibodies
in peneral, recent amenticn has focused on the nse of
antibodiss conjugated O cylotoxic agents. Asnang (e cyto-
toxic agents which muight be considzred, radicisowpes ar
especially auraciive, as lymphomes are especially sensitive
o the eFects of radintion. Morcover, such radiolabeled
amibodies may be of considerable wility in tzvms of diag-
nostic imaging of wmor involved sites. Imaging wials have
been cared out using '*'n and *'[ conjugated to T10)
antibody, for example, in patients with CLL and cutansous
T.cel lymphosma (24). Intravenous admisistration of Wigp.
labeled T10] was shows 10 be capable of derecring unmors
¢ srmall 2 0.5 cm in diameter. These seadies also dzmoe-
strated that isotope locatization W tumor could be achieved
despite the presznce of et antigen oo sormel as weli as
talignant cells.

The therepeutic patential of radiclabeled antibodies in
tymphoma has recently come under investigation. Badperet
al,, using a murine "F.oslt lymphoma intdel, have demon-
syzied (hat @ monocional anibedy against the Thy L}
difierentialion antigen labeled with ™1 was superior 1o
unmodified amibody in its therapeutic effect {25). The dose
limiting toxicity in thess experiments was that of boaz
mecrow suppression. Rosen et &, have reported their rsulls
using ¥*1-labeled TI0 anthody in the imaging and therapy
of 6 patients with cwaneous T-ceil iymphoma in wiisis
significan: responses of discase lasting 3 weeks to 3 months
wese observed {26). At in the murine model of T-celi
lymphoms, myclosuppression was again seen es the doss
fimniting toxicity in these parents.

Since greater than 75% of all non-Hedgkin's Jymphomas
are of B cel) lineage, we and athers have begun to investigale
the use of pan-B-cell monociona! antibodies labsled with
radicisotopes in preclinical and clinical stodies. We have
been ahle to dempnstrate, for instance, using a nude mouse
model of xenografied human B cell iymphomas, tha: radio-
Jabeled pan-B-cell antibodies can be specifically targeted 1o
B sl tumors in vivo (27) and that these radiojabeled
anubedies can have therapeutic effects, DeNardo et 2l have
Teporied their experience with 1311.1abelad Lyt-1 aniibody
{28). Lym-1 is an 1gG2a antibody which recognizes & el
surface anigen of 31-35 Kd, which appsars W be an
HLA-Dr mntigen, and reacts with normal and meligoant B
celis (29). :

Recently, we performed a swdy using the pan-B-cell
antibody MB-1 labeied with radiciodine as 2 radioimmuno-
diagnosiic and therapeutic ageat. MB-1 it an IgG1 anti-
D37 moneclonal antibody, which binds o B cells bearing

. the 40 K& cell surface prolein CD37. MB-1 binds to slmost

no pre-B czils (30). This antibody has besn found to dso
reaz with granulocyies, placlets, and T cclis, bt the
magritude of this binding is less than the binding to B
tymphocytes. Mo binding has been observad with tissues
from stomach, thyroid, kidney, skin, peripheral nzrve, heart,
and cervix, In a swdy, vwelve paents with sefmotory B cell
lymphama were cvaluaied for the biodisiribulion of s
\abeled MB-1, iis imaging potemia), wxitily, md theragen-
\ic egect. Suceessful imaging of mmors has bezn achicved
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in all bul one of our patients, but nat 2] known twmor siies
were: visualized in all patiznts, Significant chinical TESPOBSES
have bemn documented, althougk oniy coe compisie
responss #ad tas panial respanse were achieved a1 ths dose
ievels employed. Also, severe myelosuppression precluded
further dose escalation. Press et gl bave reporied fheir
expsicoce with '-MB-1 using kigher radicastivity and
protein dosas than those we employed in o trial {313, Four
potienis bave been treated with single doses of hetween 237
and 608 m(l of jodinated antibady combined with large
doses of anifbody (2.5-10 mp/ke 1otal antibody) with pro-
vision for auiologous bone marrow rescue. Ench of these
four patienls obtained 2 complets tumer remission, Sevare
myslosuppressicn gcourred in all patients, however, with
lwo patients reguiring refnfusion of previously stored
autologous bone mamow. No other significant seute toxicity
was geen. Two patiests relapsed with lymphoma 4 and §
months afier achieving complets remission and the remain-
ing two patients remzin in cominuous remission 2t § and 11
months.

-

0

B

It is pressnily unclear why & subsuntal nomber of B

paticnts will not reexive radistion doses to 1l wmor siss
which am significantly above those dps=s given 1o normaj
ussues using Lym-1 or MB-1. Whether this 15 due Lo the
nare of the antbody being wiflized, fhe sizbility of the
radinlabel in vivo, the method of admimstration, the oversl]
tumaor burdsg within the bost, or other factars related 1o the
tomor or By vasculgtre remains to be determined. One
factor which sheuld be seriously considersd it the CIDSS-
feactivities encountsred with these two antbodies with
cither nommal poo-lymphold tasues or ather hematopoietic
cells. The biodistribution patterns of antibodics with more
sestricted spzcificity far B calls might be more favarable in
that nonspecific shserption it vivo right be redaced.

Ouoe antibody that is somewhar more specific for B cells
is the antibody LL2. A chinics] study of radioimmunatherapy
of lymphoms using Jabeled LL2 has basn reported, bt the
results wers somewhat disappoinling, in that of only ong of
the five patiens 2ssessed exhibitad 5 compiele response, two
patients exhibited i partia! response, 1wo exhibitsd & minos
of mixed respomse, and severs myelosuppression was
encountesed (63).

CD20 is a2 antigen that is 2 35 ilodalton, non-glycosy
lated phosphopmlein found on the surface of greater thag
50% of B cells frum pripheral Blood or Iymphoid organs.
The antigen is expressed on the surface of virually all
resting B cells maintained in culture, but is lost by approxi-
mately one-thind of the population upon activation of the
eslls by protein A or exposure to Epstein-Barr Virus, Tiris

=
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result has been inlerpreted o mean that CT0 s Jogt during

tersinal differensiation of B cells (74}, The antigzn bond
by L12 shows a similer distibution to CD20, bt is distin-
guishable by virwe of 2 lower antigen density on the surfacs
of B cells for LL2 than for CD20 (77).

The 1F5 antibody against CD20 has been previously tsed
in studies of radivigminmotharapy of lymphoma (31}, Again,
the resulis of this smdy were disappeinting, in that onfy
partial regression of the lymphoma of the treated patient was
ohserved,

Another anti-CD20 antibody is the antibady anti-B]
(hereafier referred to 2s B1). BE s an 1262z that immuno-
pretipitaies 8 35 Kd esll surface phasphoprotein (CD20)
cxpressed by oommal B eelis in various stages of differen-
tiztion, fulficular and diffuse B calf Iyrophomas, and various
tymiphoid leukemins (32), No Teactivity of this antibody has
bezn demonstrated with granuiocytes, platelets, thymus tis-
sue, or T calls,

5
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A sipnificet amoust of information is now availabie
regarding the CD20 aatigen which Bl secopnizes. It is
pparenily expressed carly in pre-B celt devalopment just
befare the expression of cywpiasmic yt heavy chaing and
persists until plesma celf differentistion. The binding of B1
to the extraceflular partion of the CH20 antigen generates &
umsmembrane signal which can inhibit the eal)'s enlry intp
the S/G24M siages afier mitopen stimutation and s
blacks differentiation inip antibody-seersiing calls (33-36).
Antagonistic effects on B cell activation have alsy besq
observed with B1 hinding 2nd these differences may he due
o differences in the siate of activation of these celis beiure
signel generation (37,38). OF interest are dag using this
antibady in sude mice bearing B c=ll lymphoma xenografis
(35} mnd tmaging performed jn Rhssos monkeys Uusing
PILB] in which the B call fich splezn could be readily
vizualized by ganuna camers scamning wilhout nesd for
image imensification or backgroond sebtracton lechnigues
(36). The predominant use of Bi, howeviz, bms been ig the
e vive purging of boge marow prior 1o amelogous bone
marTow iransplaptation in patients with reirectory leukemia
and lymphoms {40). These studies kave shown that marrow
reconstitution is unafected by the B] antbody. Thus, B1 is
an atractive amtibody for use sadivimmunodiagnoisically
and radiuimmuuuthnrapm&mﬂy.

CD19 is another antigen that is expressed on the surface
af cells of the B Ensage, Like €D20, CDI9 & foumd on cells
thrcaghont difierentintion of the Hneage from the siem celt
S1222 Up 0 & point just prive to terminat differentimion intn
Pplasma cells {74). Unlike CD20, howeve, antibody binding
to CB19 canses internalization of the D19 anligen. CD19
antigen is identiSed by the HD237.CD19 antibady (aiso B4
or the antibedy of the B4.808 linz, *B4” herzinafien(92),
among othzrs, The CDI9 antigen is present on Fod-8 of
paripheral biood monennclear cells apd en greater than 90
percent of B cells isolated from periphera) Blood, spleen,
Iyraph node or tonsil. CD19 it nol drtectad on periphesal
blond T ¢zlls, monocytas or granulecytzs. Virmally all
nan-T celi acuie Jymphoblastic lenkemias (ALL}, B cell
CLLznd B ccll lymphomas express CD19 detectable by the
antibody B4 (16, 94).

Additional anibodies which recopmize differemiation
stage-specific anigens expressed by czlls of the B cell
lineage have hesn idenified. Among thess arz the B?
mtibody, direct=d apgainst the £021 antigen, BI antibody
direcied againet the CDZ2 anligen and the 15 antigen
direeted against the CD10 antiges (aiso called CALLA) (3=
FIG. 4). The reactivity of B4 with variqus mmar types is
described shove. B2 entibody reacts with resting B cells of
all lympheid types and i Tost upes activetion of ths Testing
Beell tean be used to identify beterngensity in B call CLL,
und lyniphoms. B3 antibedy marks al} Hairy Cell lenkemias,
The CD22 amtigen identified by B3 is found in the cytoplasn:
of virually all B eell jsukemias and lymphomas, The
CALLA pigen identified by J5 is fomd an 80% of non-T'
cell ALLs and 3 sipnificant poction of B and T ecll lympho-
mas and some T cell lsukemias. OF significancs to the
preseat inveation, CALLA and CD1S are ot expressed by
greater than %95 of bumm bone mamow samples examined
83).

ABBREVIATIONS

The following sbbreviations are useq in this text:

Gy, centigrays; 1 0y is approximately | rad; C R, CR,

cemplete wmission CT, computed Tomography;

DTPA, diethylenstriaminepentaacetis acid;

EDTA, sthylenediaminaterrascatic acid;
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MX-DTPA, memal ¢helate-diethyizniraminapamaacetic
agid;

mCi. milkicure, | mCi=2.2x)07 decays per minute;

PR, panial remission;

PD, popressive diseass;

RIC, radisimmunocenjigaie:

RIS, rudioimmunascinigraphy;

RIT, radiotrmmunathesapy;

SUMMARY OF THE INVENTION

The presenl invention providss compositions and articles
of mumnfactare which comprise the amtibody B, which
binds specifically 1o the CD20 amigen of B cells, and also

vides methods for immunotherapy of lymphoms which
employ the B aatibody. la panicolar, thz mrticles of many-
Facure comprise the B] antbody and printed matter which
indicates thar the antibody is 1o be employed in diagnostic

P

5

imaging andfor immunetherapeutic mathods. Compositions .,

. of the pressnt invention compriss radioactively labelled Bl

arstbody mmd pharmacewticaliy acseprable carriers, diluenis
and the like. The methods employing B1 antibody enrom-
mess several embadimonts.

One method for using thie B1 antibedy comprises admsis-
isiering radiolabeied B ip 3 single dose designed 1o daliver
p high ameunt of radicactvity. do such a method, it is
comemplated thot a radiomenic dose of greater than 200
oy is deliversd 10 the whole body of the patiens. Ia this
“high-dose” method, bone mamow yransplantation, or 50me
ather tmzaps of reonstinting hematopoiesic function in the
patiem, i required,

In 2 second method using B anbody, 2 therapeusic dose
o pogtinbidatad BT aminedy it pdminiciered, hnwever, the
radiomeiric dnss received by the patent is limiied 10 a level
thal toxicity 1o bone marow I not significant and reeunsti-
tjon of hematopnietic faction, by bone marrow wansplan-
[tion or other means, is not required. A range of dast
effective in this method is ene which delivers betwesn 25
und 200 cGy, preferahly 25 1o 130 ¢Gy w the whote body of
the patient.

A third method using B1 amibody comprises alminister-
ing 1o 3 patient 3 large amount of an unlabeiled antibody,
which tan be B1 but can slso be other antibodics, prier lo
administration of 2 therapeutic dosz of fabelled B1 antibody.
This therapeutic Hpse ¢4 be med 0 deliver a2 radiomeyic
daseqf 5 w 500 cGy, preferably, 25 1o 150 Gy, o the whole
body of the patient.

A foonh method of wsing BI antibody comprises admin-
istering a trace-tabellad amount of B1 antibody, followed by
imaping of the distribution of the BY astibody in the pajent,
Afier maping, 2 therapestc repime of radiolabeled Bl is
edministezed, designed to defiver 3 radiometric dose of 25w
500 cGy, preferably 25 10 150 cGy, w the whole body of the
patient.

The dases described bove are limits for singte adminis-
wraiions, Such administrations may be repeated, thus the
patient might receive a much higher 1otal accumylated doss
over the course of imaging and therpy.

1t is considered, due to the similasity of the expression of
CD20 and CD19 anigen in the B ccll lineage, that the
methods of the jresent invention can be applied using an
ami-CD19 amtibedy, prefembly HD237.CD19 or B4, inthe
same manner 2s is deseribed for an anti-CD20 antibody.

Alsg, the invention i not limited 1o the CD19 and CD20
antibodies. Rather, the invention eacompusses the use of
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aptibodies which are identify antigens associmed with czlls
of the B cell lineage 1o wea caneers which are clonal from
such zells. Examples of such antibodies ars B2, B3, B4
(HD-237), and 15, in addidon 1o Bl Examples .of such
cancers are ALL, CLL, Hairy Ce¥l leukemiz, and chrowic
myclablastic Jeukemiss in 2 blast crisis stage, in addition
Tymphomas.

Earthermore, it should be notzd’ thar the therapeutic
method of the present invenlion is amenable 1o repeated
soministration for wearment of chronic discase or miapse
afier & period of remission. Also, the imaging applications
descxibed herein can be spplied as diagnosiic methods in
their own fight. That is, for example, the presence and
location of CD20 positive calls in a padent can be-deter-
mined independently of any therapeutic inteat.

BRIEF DESCRIFTION OF THE DRAWINGS

FIG. 1 shows gamma-camera images of paticois with B
call lymphomas afier injection of '**1-abted ani-B1 anti-
body. FIG, 1A is aa anterier view of Patient 9 obained 120
hours pfier trace-laheled antbody injection. Muliiple tumars
{armows) can be sezn, 2 40 6 om in diameter involving the
neck, the mpht axille, and the itiac, inguinal and femoral
regicns. FIG. 1B is & posterior vicw of Patiem 2 oblained.
235 hours afier trece-labeled antbody injection. There is
distinct focal uptake (arrows) within the splesn consistznt
with intrasplenic mmor targeting. ACT scan of this patient
also demonstrated fow-attenuation lesions in the spleen
consistent with invoivemest by lymphoma.

FIG. 2 shows tumxr responses to **'i-labeled ant-Bl
antibody. FIG, 2A shows abdomina) CT images of Padent 4,
showing a large chemothecapy resisiant rewroperiinnenl mass
before sndy entry. F1G. 28 shows regression of this mass
&hier ore round of radioimmunotherapy. FHE. 2L Snows
therecic CT images of Patient 2 before study enuy. FIG. 20
shows CT imaging of the same section six weeks afier one
redicimmunotierapestic dose of 45 mCl, showing the
regression of chematherapy-resistant medizstingl and peti-
tracheal jymphadenopathy.

FIG. 3A and 3B show g synihetic pathway for {p-isothio-
cyanatobenzyl)methyl diethylensirfiaminepentazscetic acid
{mixwre of 1-benzyl,3-methyl md $-henzy) 4-methyl iso-
mers). The pathway is modified from reference 93.

FIG. 4 shows a represeniation of the expression of various
antipens during diferentiation of the B =il lineage.

DETALED DESCRIFTION OF THE
INVENTION

The principai probler of cancer chematherapy is achiev-
ing good therapeutic indices for the compounds adminis-
tered for the purpese of kitling the mmor celis. In gencral,
it hes been found that mmoricidal drups are also toxic
cells of normz) tssue, and thus the side-efects of chemo-
therapy are ofiers almast 25 devastatiag to he patient a5 the
wnmar burden itself. Tygcally, the approach usad (o achicve
some depres of sclectivity is to administer compounds
which are prefereatially taken up or preferentially toxic o
rapidly dividing cells, when compared o their «ffect an
growth arrested celis. This epproach is Hmited by the fac
that most, i not all, novmal tissuss contain compartments of
dividing cells.

The advent of monoclonal anibody technolegy provided
a new means of providing sclectivity 1o chemptherapeutic
agents. By conjugaiing the mmoricidal agent 1o an antibody
directed agzinst anlipens presenl on wemer cells, bl oot
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pressat oa poimal ezlls, il was expected that sslective kilking
of tmor czlis could be achieved.

Many different conjugaies have basn creaied, using ant-
badies disected to 2 varety of call-surface antigens and a
variety of lmarividal substances. T date the tmoricidal
agents have priccipally been tadieisotopes and various plant
and bacterial toxins, However, while there are ssveral
repusts of individual succasses, the results of therapy uging
antibody Cenjugates hes penerally been disappainting,
Remission raies have been fow mnd not generally reproduc.
ihle,

Lymphomas are mwmess of the immune system. They
present as both T cell- and as B cell-associzted disease, Bage
marrow, lymph nodes, splesn and circuiating calls ars ail
typically involved, Typicaily the inigating womer cell is e
of the biast cell types later in the lincage, rather than 2 early
stem cell, This chinactaristic bas allowed westmen: proto-
cols wherein bone marrow fs removed from the patiznt znd
purged of tumor calls, using antibodies directed against
antigens presant on the tumeor cell type, and stored. The
patient is then given a toxic dose of mdiation or chemo.
therapy and the purged bone marrow Is then meinfised in
ordzr to repopulale the hematopoietic system of the patient,

The santing of cells of the hematopoietic linzage, hased
upon surface-expressed antigens, is an sstablished aut, and
several populntions of bemsopoietic cell types have bemn
defined on that basis, In B cell lymphormas, antibedy-
targeted therapies have focussed on thres panicular entigens
found om the surfare of B eolls, CD20, CD37 and the
HLA-Dr mtigens. As describsd above, therapeiie izl
bave be=n conductzd using antibody conjugatss recognizigp
each of these antipens, The method of the present inveation
empioys an amihody directed against D20, antibody Bl,
for the treatment of B cell dymphema,

Antibody Bl is obtained from the Hafl 299-15 cell fine,
which was Brst isolaied at the Dana-Farber Cancer Frstimis,
Couler Clone® BI ean be purchazed from the Coulter
Corporation. Betzils of preparation of the antibody are
provided below, The B antibody is of mouse erigin, As
such it can provoks @ “human antimouse antibody”
(HAMA) response in hurean recipients, although the fre.
queney of this sesponse is relatively low, especially in
patients having B cell malignancies, dus to the immunnsup-
pressive character of the disease. Accordingly, use of an
antibody comprising the B antigen-binding domain and 4
human Fe and hinge region s 1o be considered encompassed
by the present invention, as wall as alternative methods of
“humanization” of the amibody, as such zn andbedy would
be expectsd 19 be less likely to evoke 3 HAMA Tesporse,
which can be Emiling of rersatment of patients with lhe
present method. However, HAMA mesponses occar muich
less frequently in persons with B col) malignagesies due to
the immunosuppressive character of the diseasss, Fruther-
more, it is txpacted that it s advantageous to provids Fab,
Fab' or F{ab?), fmgments comsining the antigen-hinding
portion of the Bl antihody ns the B call targeting moiety.
Such antibody fragments might provide better diffusion
characieristics in vivo, due 1p their smaller size, than the
whuole B1 antibody, in addition to also beiog less Bkely to
evokz a HAMA response. While Flab'), fragments of B]
itself are not stable, due te the IpG2a tzinre of the antibody,
an IpGl constamt region varjant of Bl could be producsd
which wauld form stabls F{zb', fmpments, The means for
engingering of antibadies by recombinant DNA acd chemi.
cit modification methods are considered well-known i the
arl.

The BI antigen {(CD20) is present on approximately 5%
of unfractiorated peripheral blood mononuciear cells and on
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greaer than93% of normat B eeils isolated from periphesal
bloed, lymphoid tissues, and bone marmow (12). I is also
expressed on tumor cells isolaied fram 50% of patients with
non-T cell acute lymphoblastic leukemizs (ALL}, greater
then 95% of patiznts with B cel chrome Iymiphocytie
Ieukerias (CLL), end greater than 9065 with nea-Hodgkin's
B cell lymphomas. In contrast it is not reactive with resting
o agtivated T cells, monacytes, gramlacyses, erythrocyics,
or nudl eslls, and tumors of T eall, rayeinid, and erythroid
origins, Functional studiss demnnstrated that the removal of
the Bl reactive cells by cell suriing o by complement-
mediated lysis sliminated all calts from peripheral Blood and
splezn capable of being joduced by pokewesd mitogen 10
differentiars into immumoplobulin-secreting calls (B0), The
Bi amtipen appears to be expressed o all stages of B cgl)
differentiation from the pre-E cell and is lost fust priorio the
developmen: of the plasma celt (80,81). The B1 amigen
appears 1o be distingt from all previgusly described B calf
detzrminams including conventionat immunoglobulin iso-
types, la-ke mtigens, and Fc and €3 recepiors, The Bl
aotigen defines 2 cell surface non-glycosylated phosphop.
sotein of 35,000 daltons (82). The B antigen does not
motulale fom the surface of BI-positive exlls aftzr binding
of B1 monoclonal antibady. The Bi antigen js usually found
en 3-5% of natmal human hone manow cells (80}, One 1o
three percent of these eslis contain intmeyioplasmic imme.
toglobulin (83). Contuminating periphert blood B cells in
bone marrow accouns for the additons] 1~2% staining and |
these cells express surface immunoglolmbin, More recam
smdies bhave demonsirted thay the B (CDI0) amigen
Bppears in the mid-gtages of uman pre-B calf differentistion
{83). The carlizst B cell antipens, In and CALLA, precede
the appearance of CD20 in pre-B cell onmgeny. All cyio.
plasiic p-positive mre-B cells express the B antigen,

B1 anti-CD20 is 2 muins IpG2a apzibody and is capable
of mediating in vitro fysis in the presencs of rabbit comple.
ment. Mixing experiments with nommal buman bage marow
nd wmor call fines have dsmonstraed that anti-Bl can
exadicate greater than 99% of wmor calls {84}, Moreover, in
these experiments there was no toxicity of cither BI anti.
CB20 or the complegient to early differeetiated bons mar-
row stem cxlis as determined by the CFU-C, CFU-E, BFU-E
and the mixed colony assay (85,86).

B anti-CD20 4id not dserease the growih of myzloid and
eryttwoid preewsors in a Dexter cultre systsm (B6). B?
anti-CD20 aiibody, with its specificity for B calls, the jask
of medulation of the CD20 antigen after BI amibody binds,
and i tack of toxicity to the mycloid pluripotant progenitor
czlis shonld bind to aceult tumar calls of B cell origin i1 vive
and dzliver 2 therapensic mdioisolape o e cof] sysface of
recurrent NHL B cell tumear celts. Notmal differentizrad
CH20-positive B celis will also bipd B] and be exposed to
the therapeutic radioiscwpe, but the immamre 3 coll pre-
cursar cells are not CD20-positive. As nowd above, the
D15 antigen is expressed in the B call Iineage io a faskion
which is very similar o the CD20 intigen. Some of the
Properies of the CD19 antigen have heen dascribed here-
inabove. Additional description of the CD19 antibody can be
found in references 88-91. From this cousideration, one of
skili in the ert wonld expecs that the metheds deseribad in
detail hereinbelow using the B1 antibody couid alse be
applisd using an antfbody direeted zpaingt e CD19 antj-
gen, such as the angd-CD1g antibody, ehtzined fiom the =)}
linz HD237-CD19 (Coulter designation MCB 88-8). This
cell line was developed by Dosken e al, ot he University of
Heidelberg andis described in refcrencs 92, A cel] fine ofthe
Coulter Comporatien, B4.898, produses a similarly wsefut
antibody.
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Addidional neoplasins of B esll lneape which can be
treates using the methods of the present invention are
described above, Also desciibed above, and in FIG. 4, are
additional antigens (and antibodies against theen) which are
useFal targets for imaging and therapy using the methods of
the presen invenion, Each of the amibsdies B2, B3, B4and
15 can be gurchazed fram the Coulter Corporation, Hialeak,
Fla. For radinlabaling tha antibody, there are several con-
sidesations for the methad to be used. First, the rdivisotope
raust be chosen, and then the means of awaching the madio-
itatops to the antbody must he selected. With respect io the
choizee of radioisatope, 2 peneral review of considermions is
provided by Magersti (76). Principally one must consider
the desired range of emission {affccied by parametes
including tissue type of the wmor, whether itis 2 solid or
disseminaiad wmor and whether or ot alt turmor cells are
expecied 1o be antigen posidve), the st of energy release,
the balf-life of the isolope 25 compared to the infusion sime
oo learsnce Taie, whether imaging o7 therapy is the aim of
the Labelad antibody admirdsiration, and the like. For imag-
ing purposes acconding to the present inventon, it i5 con-
cidered et Tabeling with ®Te, o, 1 or 'Y is prefes-
e, with ¥n or ™ laheling most profemed. Fur
therapentic purposes according to the present invendon, it is
considered that lahaling with a i~ esniner, suchas *°Y or *'1
is referabie. In some cases, Yabelting with an = eminar is
agpropriae. Additiona isoropes that meit consideration for
therageutic or diagnostic wses are R, Bipe, D8m,
UR; ¥P gnd radivactive isolopes of L

Tn considering the means for anaching the radicisotope 1
e antbody, ons mwst consider first the namrc of 1be
tsotcpe. lodine jsatapes can be attached 1w the antibody by
2 pummber of methods whick covalently atach the isotope
directly 1 the protciz. Chloramine T ldbeling (B7) and
ipdagen labeling (45) are two commonly uszd methoas of
rediniodine Jabeling. For isuiopes of mewls, e.g. *°Y or
. the isowpe s typically attached by eovalenly attach-
ing a chelming maisty to the sntbody and then sllowing the
chelamor to coordinzte the meml Such methads are
fsscribed, for example, by Gansow et al. U.S. Pat. Nos.
4,931,175, 4,454,106 md 4,472,509, each of which is
hereby incorposated in ils entirety by reference.

1t should be noted thal amibodies labeled with jodine
isotopss am sthjsa 1o dehalpgenason upen internatization
tnto the tasget call, while antibodics labeled by chelation are
suljert 10 radizmion-induced seission of the chelator and to
loss of rudioisotope by dissociation of the courdination
complex. In soms instances, wewd dissocisted from the
complex can be recomplexed, yroviding more rapid clear-
znee of nos-specifically localized isotope ang therefore Jess
1oxicity to non-target tissues. For example, chelaror com-
poands such as EDTA or DTPA cim be infused into patients
1o provide a pou] of chelator to bind releosed radiometal and
facilitze excretion of fres radinisorope in the uring. Alsa, it
mesiis noting that free jodine, sesulting from dehalugena-
tien, and small, iodinat=d proteins ase rapidly cleased frem
the body, This is mivaniageous in sparing normal tissue,
including bene marrow, from radiotoxic elfects.

Methods of adminiswation are also reviewed by Magerst
33 {76). For weaiment of lymphoma, it is considered an he
cne hand thal inravenous injection is a goad method, as the
thoronghness of the circulation in Tapidly disyibuing the
labeled amibody is advantageous, aspecially with respeet 1o
nvoiding & high local concentration of the vadiotabs] at the
injection site. Intravenous administratios: {5 subject 1o Fimni-
1atinn by a "vascular bamier”, comprising endothelial ells
of the vasculame mud the suhendothelial mautx. Yer, itis

10

al5o noied that this barrier is 2 larger problem for uptake of
lzheled antibody by solid wmors, Lymphomas have rela-
tively high bloog fiow rates, epnmibuting 10 efective anti-
body delivery. bn the cese adminisiration {or the treaunen: of
tymphoma, consideration sheuld alse he given to inralym-
phatic roules of adminisumtion, such 25 subcutancous or
imramuscular injection, or by catherization of lymphatic
vessels.

1t is considered well-known 1o those of skill in the an how
to formulatz & proper composition of & labeled antibody for
any of the aforzmantioned injection routes.

The timing of the adminisration can vary substantialiy.
‘The eniire dose can be provided in a single bolus. Aherna.
tively, the dose can be provided by an cxiended infusion
method or by repeated injectioas administered over 2 span of
weeks. A preferzble interval of Gme is six 1o welve wezks
between radicimmunotherapentic doses, If low dosas ae
used for radicimmuanotherapy, the RIC could be adminis-
tered at two wesk intervals. If the total therapeutic dose is

 fracionally delivered, it could be administered over 2 span
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of 2 10 4 days. Duz 1o the lower dose infused, wace-labeled
dos=s cont be administered at shont imervels; for clinical
pusposes, oxe 1o two week inlervals are preferred.

Tha radipmetric dosage to be applied can vary substan-
tizlly. Lymphomes are Jmown 10 be radiosensitive imors.
Furthermore, the znti-CD20 aniibodies appear w have soms
effect upon lymphomas even whan administered 25 unla-
heled reapents. There is some evidence that this effect is
mediated by “apopiosis”, a reprogramming of the cebular
matshoiism that leads to lysis of the epoptotic celi (78). For
immunodiagnostic imaging, trace-fabeling of the antibody is
used, typically 1-20 mg of andbody is lzbeled with ahout 1
to 35 mCi of radivisotopz. The dosz is somewbat dependant
upon the isolaps USEQ Tor imaging; ameunts in e migher
end of the range., preferably 20 to 30 mCi, should be used
with ™ Tc and *I; amounis in the fower end of the range,
prefesably 1-10 mCi, shoutd be veed with '*' and *In. Far
imaging purposes sbout 1 19 30 mg of such wace-labeled
antibady fs given to the subject. For radisimeunotherapen-
tic purposes, the antibody is labeled to high specific activity.
The specific activity ohtzined depends upon the radioisatope
wsed; for 34, activity is ypically I 1o 10 mCifmg, The
antihody is adminisiered to the paient in suficient amount
that the whole body dose received s up to 1100 Gy, bul
preferably less than or equal io 500 cGy. The amoun: of
Entibedy, including both Jabeled and unlabeled antibody, eac
range Srom 0.2 to 40 ma/kg of patient body weight.

An pmowmt of radioasivity which would provids approxi-
malely 500 ¢Gy ta the whol: hody 35 ssdmated 10 be aboul
25 mCi of ML The amonnts of radiozciivity to be admin-
istered depend, in part, upon the isolope chosen. For thera-
peutic regimens using '»'L 5 to 1500 mCi might be
employed, with preferabie amounts being 5 io 800 mCi, 510
250 mCi being most preferable. For ®Y therapy, | 10 200
mCi amounts of sadiopctivity am considered appropriate,
with preferable amounis being 1 to 150 mCi, and 1 10 100
mCt being most prefewred. The prefered means of estimal-
ing tissue doses from the amoun: of adminisiered radioac-
tivity is to perfomm en imaging or other pharmacokinsic
Tegiten with & tzeer dose, 50 a5 10 oblain estimaces af
predicted desimetry.

A “high-dose” proocal, in the range of 200 to 600 cGy (or
higher) to the whole body, typically requires the suppan of
a bone-marrow replacement protocol, as the bone-marraw is
the tissue whick limits the radiation desage due 1o toxicity.
A preferable dosage is in the range of 15 10 150 <Gy 1o the
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whole bady, the most preferable rangs being 40 10 120 cGy.
Using such a “Jow-dosa” protocol, 1oxicity to baae marrgw
is much lower and we have fownd complets remissions are
achizved without the requirement of hone marrow replace-
ment therapies,

Either or hoth thz diagnostic and therapentic adrrinisira-
tions can be preceded by "pre-doses™ of unlabeled antibody.
The effects of pre-desing upon both imaging and therapy
have besn found w vary from paient to patient. Gensratly,
it is preferable 10 perform a series of disgnostic imaging
administrations, using incressing pre-doses of unizheled
antibody. Then, the pre-dose providing the best ralip of
tumor dose 10 whole body dose is used prior (o the zdmin-
ismation of the redisimmunotyerapentic doss,

Goldenbery et 2, daseribe radistmmunodinagnostic imag-
ing and rdivimmenothe=rapy of solid tumors {carcinomas)
using az anti-carcinuembryonis antigen abody. Many
aspects of the materials and roethods described by them in
U.8. Pal Nas. 4348376 and 4,460,559, hereby incorpo-
taied i their entirery by reference, can be applisd us well 10
the present invention, which is direct=d to the diagnosis and
therapy of lympboma, a more disseminated wmor, Addi-
tiopa} deseription af methods for estimating the radiometric
dose reezived by 2 patient are provided in referzncs 79.

The present invention also embodies anticlas of manfac-
ture which comprises writtzn material deseribing the vse of
az anti-CD20 antihody, or other antibody dirested i zn
antipen associatzd with colls of the B cell linsage, in 2
radioiinmunodiagoesic  andfor radioimmunotherapeutic
protocal. The wrinzo moterial can be zpplied directly 1o 2
comtainar (such as by applying a label directly to 2 vial
contaiting the antibady), Alternasively, bolding the antihody
can be placed in a sceond container, such 25 a box, and the
written matcrial, in the form of a packaging fnsert, cag be
Placed in the second comainer together with the first con-
taisier holding the antibady.

The wriften pastion of the article of manufenie should
deseribe indications for prescribing the amibody. Such indj-
cations would be presentation of lymphorma st any site in the
body. The writlen materia} shouid further deseribe tha the
anti-CD20 antibedy, or other anlibedy direeed ta an antipen
associated with celis of the B cel Hneage, is usehy] for the
treaument of lymphoma ar other neoplasm clonally derived
from a c=il of B cell linzage, indicared as set forth above. In
4 prefemred embodiment of this aspect of the inventics, the
written material will describe B1, B2, B3, B4 gr 15 as the
atibady 0 be used in the treatment, In a most prefered
embodiment, the writtes matedal will describe that B js
used in the treatment of lymphoma, In other preferred
cmbodiments, the witten material will describe that the
antibody is labeled with a i~ emitting redionuctids, prefer-
ably 'L, "Re, *™Re or %Y, Sl further, it can be
described in the writen material that the appropritte mmdip-
metric dose to be administered for an immunodiagnostic
seaaning is provided by 1 o 35 mei of radinisotops, while
the appropriate dose for thermpeutic administration should be
below 150 eGy to the whole body if bose marrow place-
ment suppart cannal be provided, tat ean be os high as 606
<Oy to the whols body if bone mamow replacement support
is provided, The doses for particuter isotopes, especizlly as
set forth hereinbolow, might also be described.

The wrilten material would preferably be provided in the
form required by the Food and Drug Adminfstration for 2
package insent for a prescriptioe drog. The wiillen material
would indicate that the antibody would be preseribad for nse
in patients having a diagnosis of B cell lymphoma and can

B raze and can be amekiorated by
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be adminisiered 1o patients presenting lymphome in any sie
in the body. The writien material would indicas thay the
antibady is useful as an inddal ar stoondsry treatieent or in
Combination with other treatreems. It would farther drsegihe
that while the andbody delivers mdiarion prefemiially to
tumor sites, sometimes it will be observed that a nornal
organ will recsive a radiomerde doss higher than that
delivered to the rumer, Principal toxiitics wocld be
described as: myelosupprassion, perhaps requiting bone
Hartow or stem cell reinfusion adjunct theeapy, snd fever,
chills and/or bypotension upon infusion, hives znd ather
typical allergic reactions. Bt weuld fussherbe described in the
writien materia] tha: when symploms such as fever or chills
or other indications of allergic reactions ae observed,
HAMA should be tested Addifional side efects 1o be
descrined are fatigue, usually mild and of a tarm of 4 06
weeks, mnd sausea, which is rare, it kas beey observed,

The written material should also describe that sids eBects
presesting as allenyric reactions might be related to the dote
slowing or stopping infusion
of the anifhody. Alse, it should be described that fever and
chills eom be teated with Demegol™, Tyleno™, andlor en
antiltistaming, such 2s BepadryP™, and that bypa=nsion
responds well o Buid administration,

The writtes material should also describe tha delivery of
the antibody is preferably by slow intravenons infusin and
might indicate & petiod for the infusion of ans 10 74 bours,
Coutraindications of the antibody e HAMA or previous
allergic moction and pregrancy. Forthermote, precawtions
should be deseribed in the written matericl such as that jt is
Tecommendzg that patients be pre-medicasd with acstoms-
nophen (650 mg) and Benadry!™ (50 mg) prior 1o beginning
the infosion. All patients receiving S*Lamibody should
receive 2 dops of samrated potassing fodide solution
(S5K1) three times daily for the perind From 24 hours prige
16 the admiistration of the rdiolsbeled antfbody wnif] 14
dayz after the Jast administration. It should further b2 noted
that serum should be monitored for HAMA response priorio
the frst administration, during thexapy and follow-up,

The wilen material shoeld also fndicae that pemeral
radiolagic and nuclear medicine procantions sppropriats
the isotope wsed for labsling the antibody shauld be
observed.

The following exampies of the preseat invention are
provided to Blusirae the invention in more detml The
exarmpies are (o be taken as Thustrative oaly, withom imiting
the scape of the invention.

EXAMPLE I

LOW-DOSE RADIOIMMUNOTHERAPY OF
LYMPHOMA USING Bi ANTBRODY

Metbods
Anti-Bi Antibedy Preparation and Jodinasion

The mouse 1G24 monaclonat entibady anti-Bl (anti-
CD20) was movided by Conlier Corporation (Coultsr
Clone™ B1}, Hialeah, Fla. 1t binds 1 2 35 kD eell-surfacs
phosphoproteis expressed by graster than 95 percent of
normel. B czlls isalated from peripheral lymphaid tissues,
and bone marew aad greater than 9G pereent of B eell
lymphomas (5}, It dess not bind T cells, granuiocytes,
monocytes, erythrocytes, hematopoiztic stem cells, nor any
noumal non-hemaopoietic tssues (12),

The BT antibody was isvlated foas serum-free hybridoma
supematanss produced in carddge-type biotactors and
purified by fon exchange chromuatography, The sulting
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paraics was grealer than 0§ percenl pure mengmeTic
igG, sterile, pyrogen-fres, znd free of advensdtious viruses.

Radigiodinazion was performed using the indogen method
{45). Afier passage through g ion exchange column, whick
retins {ree jodine and allows passage of the labeled anti-
body, Freaer than 90 pescent of 3] acrivity was protein-
bound by thin layer chromaiography. Alimatively, free
joding can be removed using 2 gel filtration column.
mean specific activities of trace-iabated and RIT-dose prepa-
retions were 0.83 and 8.8 mC per mg, respectively, A rapid
direcy el binding assay was performed pefore infusion
ysing 2 one-hour incubgtion period ta vesify preservation of
mmunoreactivity as described previously {46). Lyophilized
target B celis (Coulize Corparation) were reconstitued in
distilied water and diluted i 2 percem boving serum aibu-
mig in phosphate-buffered saline and incubated with radio-
labsled amibody under conditions of antigen excess and in
the presencs or absence of £X0eS3 peiabeied B, For race-
labeied preparations, teasured direct celt binding averaged
58 percent, and for RIT dose preparations, 49 poeent. These
represent minimum  esthnates of immunorcactivity not
extrapolzted to infinite anligen excess {47,

All radiglabsled antibody grepamtions were stesiie-fil-
lered and datzrmined to be pyrogen-fies by Limulys ams-
bocytz ysate assay prior to injection. Antibody preparation
and aministration conformed lo @ approved Notice of
Claimed Investigational Exereption for 2 New Drug.
Patient Selection

Adult pasients with non-Hodgkin's Jymphoma who had
relapsed afier or failed 0 respond 1o 2t least one pres
chemotherapy regimsn were eligible. Only patienis whose
mor tssue was reactive with eitber B} {by iminunoger-
axidase staining of cryopreserved mmor Yiapsies) or with
126 ansibody (by siaining of paraffin crnbedded tissus) were
eligible, B and 1.26 both specifically ind the CDZ0 amigen
{48}, An iifas crest bone mamow biopsy was required to
show o thal Jess than 25 pemreent of wie RETMAIDPOICLL
matrow elemants were composed of lymphoms celis, Othar
cligibility requircmenls inchuded lack of other treatment for
2 least four wesks, entry ahsolute granulocyie count greater
than 1,500 per soleroliter and plaielet count greates than
100,000 per miicroliter, normel hepatc and renal functiog,
Iack of oiher serious illnesses, Kamofsky performance stafus
of at least 60, a life sxpectancy of al least 3 months, the
presence of measurable diseasz, and 1he ghsence of serum
tman anti-mouss artibodies (HAMAL All patients pro-
vided wrinten informad consent w the protocol which wis
appraved by the Institwional Review Board of the Univer-
sity of Michigan
Radiolsbeled Antibody Adminisuraion

All patients were hospiialized aad first received a tacs-
lsbeled dose (approximawly 5 mCl, 15 mg) of g 8:4
intravenpusly over 30 minmnes. Bindistribution  studies
{described below) then foliowed. To evaluile the efieet of
urlzbeled antihedy predosing on radiotabeled antibody bio-
distribution and tamar targetivg, # second wrace-labeled dose
was given approximately ong week later which was imme-
diswely preceded by a S0-minute infusion of 135 mg of
unlzbeled BL. In some instances, a third trace-labeled dose
was given one tD two weeks Jater which was preceded by a
90-mnuie infusion of 685 mg of uniabsled mtibody.

At least onz week afier e last trmee-libeled doss, 2
highar radipactivity Jevel RIT dose was adrministered, This
RIT dase (15 mg) was given with the unizbeled antibody
predose which resulted in the highest mmor/whole-body
dose ratio in preceding trace-lgheled dose bindistibutian
sudiss in thal patient The radisactivity dose {in mCi)
administered for RIT was adjusied for each patient so that
the patient would receive a specified whole-body ragiation
dose (cGy) predicied by the patient's race-1zbeied dose
bindistbution Tesults, Seguential groups of al leas; three
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patients are scheduled o recoive escalatng whole-body
doses, staning & 25 <Gy snd escalaung by 10 ¢Gy inzre-
smeims upli] a meximal tolermied dose not requiring bone
mazrow wansplant suppont has besn defined. Patients were
elipitle for reireaument afier 8 weeks if they had not devel-
oped & HAMA rosponss, had nat experienced dose-limiting
toxicity, had sizble disease or mor regression with mea-
surale persisient disease, and if their blood counts, hepatic
and renal function, and performance Slaws were in 2 mnge
that was ariginally required for protocol eaxry. Retreatment
consisied of o trace-labeled dose (esually with the same
uniabeled apibody predose used for the prior RIT dose)
fallowsd oae wesk 1ater by & RIT dose (also with the same
urlaheled antibody predose) adjusted 1o deliver the samt
whole-body Tadistion dose delivered by the prios RIT dose.

Diphenhydramine {50 mg} ant acetamingphen {650 mg}
were given omally as premedisation one hont prior 1o each
infusion. Potastivm jodide (SSKI) was given {two drops
orally shres times daily) begioming the day prior o the firs
apuibndy infusion and continuing until 14 days after the Jast
infusion 1o izhibit thyroid uptake of radiviodinz. Potassium
perchlorie (200 mg thres times daily for 7 drys) was given
$n addition 10 SSKI to petients recziving RIT beginning the
day of the RIT infusion. Patienis were monitored for ahier-
stions in vita) signs and for adverse reaztions every 15
minutes during jafusings. Afier RIT doses, patisnts were
isolated in lead-shistded rooms wntd their whole-body radiz-
tion leve] was less than 30 mCi by ipnization chamber
measurEnents.

Dosimetric, Bicdisuibution, Pharmacokinsic, and Turaor
Iispging Studies -

Serial comjugale anterior and posericy whole-body and
spot gATama camera scans, a5 well as Nal scimiliation probe
whole-bady radicactivity counts, were obtained beginning
oae hour afier trece-labeled dose administration and then
dsfly fnr a1 leaxt 5 dnys as proviously described (491 Post
RIT scanning began afier a patical's whole-body radioac-
tivity level was less thap 30 mCi Regions of inierest
outlines were drawn around normal organs, imaged lumbrg,
and appropriate background regions by 2 compuics Tume-
activity corves {radicactivity/gam of tssue versus Ume)
correspondding 1o these regions were then gencrated and Gt
by a leasi-squares yegression program to defdve an extimate
of cumulatve activity, Qrgap and mamor weiphts were
derived from CT sean volumes when available, atherwise
standard valuss for reference male o female organ masses
were used (50). Dosimetric estimaies wers then mads by the
MIRD mzthod (51-34). Blood radioaciiviry clearance was
determined from sequential blood samples drawn Immedi-
ately through 120 howrs post infusion and countzd by
patning couner. Sera were also chiained for detection of
fmmuns corples formation (rueasured by high-performance
liquid chromategraphy and Clg binding assays} within two
hours following infusion, Urine was zlsa coliscted at des-
ignaied time intervals zfier infusion (o measure the renal
excrelion e,

Gamma sceps were imerprzied by = single experienced
reatier and compared with prestudy physical examinations,
oty CT scans, and other appropriate radicgraphic stedies to
determing tmor imaging seasitivity (49).

Toxicity Evaluations

Tosicity was scored according lo the Natjonal Cancer
Instiwuie Common Toxisity Criteria. Cormpleie hisod c=lt
and phatelel coums were obiained immediaely afier each
infusion and then al 2, 4, 24, 72, and 120 hours post infusien,
Afigy dischargs from the bospial, blood counts wern
sbuzined weskly for ai least 8 wesks, Hepatic snzyme, renl,
and electrotyie smdies wers performed at least twice during
{he wesk after an infusion and once avery two wecks for the
first 1wo menths afier dischasge, Seruen complement Jevels
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(C3 and C4) wese assayad within 2 hours following infusion.
Petipherz! blood immunaphencryping by fow cylometry
wis performed bafors apd 24 hours sfier trace-labaled
antibody infisions and ot 1o two months post RTT, Diree:
stainiag of FicolliHypagus separated mononuclear calls was
pecformed with B1 and anti-CD1 5 antibodies for identifying
B czlls and with anti-CD3 antthodies for identifying T eslts
Other antibodies wed includeg anti-CD4, anti-CD8, aot-
CD14, anti-CD45, and jrrelevant subclass-matched antibod-
ies,
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and five had intermediate twmer burdens {(50-500 g}, The
palients were generaily heavily pretreated with chemo-
therapy (mem pumber of repimens per patient=2.7), Haif
had chematherapy-resisiant disepse, as dsfined by the inabil-
ity to maintain a respomse lasting more than ons month afep
the lust administemtion of thematherapy.

Gamma camers scans obtzined afier race-labeleg dases
of anti-B) demonstrated distinet turnor imaging of

TABLE 1
Clinica} Churstecinies of 30 Patiears with B0 Lymphoma
CHEMOTHERAPY.
PATIENT  AUE TUMGR TUMOR, MARROW PREVIOUS RESISTANT
o, (YE) HISTOLOGY* BURDEN (g3 INVOLVEMENT  THERAPYH DISBASE
5 4 DML 560 + CHOF Cyt-E-MTX,
NavACOR.B
2 4 F3C 463 + Cyrp +
3 8 pic >500 - m-BATOD, GHAP,
BEAL + ABMT
% 41 F&DML >500 - m-BACOD, BONU-E-MTX- +
Peed, MINE, imexfizon
5 #% De us CHOP +
3 i FSC&LL 0 - CVF, CHOP, SACOR, XRT
7 74 pLe <50 - CHOF, LEMP, Chiar-Fred, +
XBT
t M DbsC <50 + YACTOP.B, DHAP
3 3 FMRL iy - Chle, ProMAC/MOPP, -
intetim, chlommbsos,
Cyion-Pood, CERP, XRT,
PICE
i0 51 PML 200 - CHOP, CVP, Xt

*DML denores diffise mized toge. g m&bmmcfwmmwﬂlmmnmmmﬂlmmmnm
{a]ﬁmlzanﬂﬂu::ﬁxndhg:—udmﬂ-&:ﬁlymmmkmfmmwwimmmfuww&lmﬁminw
Yymplzea,

Isiems: DSC, diffuse sl Iymphaer, eod [olficutar ygzed uod yreallecy
1 CHOP denttes cycy 2 m’:gﬁn,ﬁmg;mmd, 7 Cﬂkﬁﬂx : poside, and meth NovACOP-B,
i 2, dimprubicin, cyelopbosphamids, viteristine, prednisroe, md Gzamyc » eylepliospharmide, vireristine, w34 predrisme; m-BACGD,
metborzae, bomycin, dexorolicis, cyciophosphunede, viseristics, md & E DHAP, 4 , high-doee cylarabiee, and eisplaa;
BEAC + ABMT, i, e1oposids, i, wmd cyrlophompbamids, with autologous bow samaw wansplinndon, BENU-EMTX Pred, :
potide, sad prednisooe; MINE, methomeue, ifasfamsds, m s, BACOP, bzomycin, doverabice, eclopborings
vinceisde, aod predinisone; XI, exiersal boam imadiaton; LEMY, lumyios, etoposice, mes e predisooe; Chior-Pred, chltreobtsl] gad
dedsanc; VACOP-B, stopnids, dexatobicis, cyclophespbazide, vinevinice, pretuisnor, s bl yeis; ProMACEIMOPE, metentiesaiz, dozrokicin,
yeloplrsphamits, sopeside, meeh] PSSt i, ne prdisone; Cpea-Pred, oyelopbosphamice nd predetsgncy AP
b - i - a0 DICE, d p, Uiz, lsgiaia, a0 e eyels-
HAMA responses were assassed from sera obtained pre- all known disease siles larger than 2 e in all patients (30
sdy,” weeldy antl two mopths afier the last antibady 45 of 30 known sites, range<] to & per patienr). Lesicas from

infusion, and montkly thereafter using & sandwich enzyme-
linked immunosorbent assay described previously (49
Quantiaive seum immunoglobolin levels and thyreid
function tests were obtained preswdy, one month past RIT,
and they sevaral months post RIT.
Tumor Response Evaluations

Response was assessed daring the wmcer study interval
Pedor 10 RIT, 4 to 6 weeks post RIT, and every two to thres
mounths thereafler A complete remission (CR) was defined
as complete disappearance of alf detectable disezse for 2
minimum of 4 weeks, a partial response (PR) as a feast 2 50
percent reduction in the sum of the products of the fongest
perpeadicular diameters of all measurable lesions for o
minimem of four weeks, 20d progressive dissase {PD)asar
least a 25 percent increase or the appearance of new lesions.
RESULTS

Fen paricats enered on this sy were iniially evaluated
and their characteristies are shown in Table 1. Half of the
patients hed Jow-grade lymphomas while the others had
iniermedinle-grade lymphornas, At emiry, theee bad High
tuenor burdens (greater than 500 g by €T and physical
examination), two had low tumor burdens {less than 30 I3
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! om 10 15 cm in diameter conld be detested, including
intrasplenic wmors (FIG. 1),

Unizheled BI predosing was performed o assess the
effect of such pre-desing on the distribugon of shsaquently
&dministereduplabeled nntibody to fumors through partial or
compizte presaturation of non-specific birding sites and/or
reservoirs of non-malignant B calls (especially those in the
splesn). Predosing consistenly prolonged blood and whale.
bady clearance of radinisotope compered to clearance of
trace-labeled antibody without predosing, but its effect og
fadiclabeled antibody wmor targeting relative to sormal
tissuzs was variable. OF eight patienrs who recejved 2 135
mg anlabeled amihady predose, two hed & greqler than 20
percenl improvemen: in s mmgr/whole-body dose catio
compared 1o 2 prior trace-labeled dose given withom pre-
dosing and three S2d oo significant improvement, Three
were unassessable due to either technical difficulties i dosz
assessment associaied with the proximity of orgens invaived
in excretion of free iodine or due 1o tumor volume decreases
after trace-lubsled amibody infusion. Two of wo patients
given subsequent trace-labeled doses precaded by 2 685-mg
unlabeled predsse were also not assessable heeayse of wmy
responses, that is, decreases in tumor volumes, ocoing
after these infusions,
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Table 2 shows that calculued radimion doses defivered 10
mmors by unlabeled antibody exceaded those 5o 2ny normal
orpan in &)} but two of seven assassable pazienis. Up to 24.1
£y peraCi {mear=10.6:2 76) could be delivered to tmor.
Features upique to the two patients with poorer targeting
which could sccoun for suhoptimal outpome Were gross
splenpmegaly (750 g} in Patient 1 (the spleen could act 25 an
*'ti geie sink™ for the labeled antibedy) and & high degree
of selerosis i the wmor in Padeat 5 {which migh: Hsnit
eccess of anibody to wmor eells).

Nipe prients reezived RIT doses ang ware evaluable for
sesponse ang ioxicity (Teble 3). One patient did not receive
m RIT dase because of rapid tumor progression and dete-
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riomuion of physiologic stais during tracer studins 10 the
point of making the patient ineligible for protocol wreatment.
Four patienis wers trealed wice {about 1wo months betwesa
weatmans). An estimatzd 25 to 45 cGy were delivered per
dose 1o the whole body using 34 0 66 mCi per dose. Six of
the mine paents had significan wmor responses, including
four complets remissions {CRs) and 1wo panial msponses.
Responses were abserved in patitnts with extensive andfor
butky and chemtiherapy-resisiant disease {¢.z. FIG. 2A and
20, Thres patients had responses (e.. FIG, 28 end 2D}
which hegan piter trace-labeled doses even bafore RIT dases
were givet, All four patiens

TABLE 2
Doses of Radiaian Deliversd by [21|And-B] Antibody 10 Varioas S,
SITE {cOyim(i)*
PATIENT  PRETREATMENT WHOLE
Ka DOSE (D TuMORt  BODY BLOCD KIDNEYS LIVER  LUNGS  SPLEEN
1 135 168 048 am a3s 1) L34 375
2 133 B.O1 074 4.4 A.4% 262 184 T4
4 0 BT 0.55 163 6.14 245 pht) 01
5 [ an 088 448 £.24 49 238 731
[} 135 P} ke ) s 443 239 pioL] 449
3 L} 1% 074 444 436 123 172 812
] 138 18 on 5.6 724 312 438 147
Mem 106 ¥ 069 % 406% 518z 1482 152% hivack ]
i3 176 a5 046 {52 813 034 .89

'anm:mmﬂm:i:m-lahabddnmsmnlﬁn;inth:hi;h:nﬂmedémmminwhpm

f%ammmmmlﬂm&ﬁmmmdnpﬁm'sm
+ [T yoms showed] maliph kaﬁmh&:m‘:ﬂ&ﬂmnaﬁﬂ:ﬂﬁ&iﬂwhﬁﬁlwm

TARLF 2
R 1 Radio
WHOLE.BODY
DOSE AND ANTIBODY DOSE
ACTIVITY THERAPEU- TOTAL FERIOD WITH-
PATIENT ADMINISTERED TIC DOSE DOSE* HEMAIOLOGIC TUMOR QUT DISEASE
Na. Gy wld my TOXICATY RESPONSE ma
H 2 ) 50 iS5 Gzl Biseass wogmesion
z 5 45 15 180 Noo= Prtial responss 5
bl 34 15 30 Gradel
3 Ne Not 15
wemed el
a 25 5t 15 180 Gemts 1 Cozplets emissiont B
25 w 15 i Gmkl
5 k] 38 15 30 Gradoi Dscase progmeasion
& 3 L 100 1565  Grade 1 Camplar muissiexd =1l
7 kY a1 150 315 New Dirzass progrosisn
35 4G 15 3¢ Noos
8 35 an 150 33 Gmde2 (pmplete rosssion§ =9
g 45 44 150 35 Nenr Parcal mesponsc] 1
a5 44 150 300 Notewl- Missd response™
10 45 61 150 1015 Noes Caumpine repistion =1
*Inzlades tReer doszs
1Amnamsofn-ﬁm=nhnwmﬁlywnminﬁzmnfr topaor invol oo CT ing afiz the Brst recicd hergpentic dogt: 1 did

mmbnmﬁvﬂydm«g:ufmﬂm:.-wﬁmﬁu&muﬁﬂzpmﬁcmm:::mammﬁxywuhwtnhwﬁmbmm whas the paizs

rﬂxamdnﬁn‘cimmminﬂu:i } rogion and con
£ Complete remmssion was inmﬁ%m

‘:xmaibumimﬂiaﬁwmthubdmmgimnndnn;cweﬂ.

dsopnity mdbummwhvnlvmmbcfmlhmawmﬂnwﬁwy.

$This was A prodahle complots remisdon in npatient with
ren-aramabesaiar

ine] aed axillary

hoid gagrepps found in foliow-up biapsy spesiimens of fliac-ovsl bans 2
rnd by i i i¢ doses

i, [}
iPuﬁdmpwuminm-wimmdm further resp

im;hm:}ﬂmmhmﬁmmuhmm mmmmﬁﬁmmmmpy.uﬁ;pﬁmlhadnpi&yr I

Ty

iy discase in previousty iowi

e wrvehred Wiy, coosssiming intorventon with pibeT wame. Bacanse oo bass murow biopsy was perfomed belore the manzgial phyﬂ:’:‘m beptn
therzpy, np distizing eould be made batwen peripheral blood-plankt desruesioa, progressive infilrmion of mamow try lyrephama, aad (o jaxisity.
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with CRs achieved this staws after onty one RIT doss,
Second RET doses resulted in a mixed respanse i ons
patient (definite regression in some wmers and progression
in others), no further disense Iesponse in twa, and no change
in & residuat radiographic abnormality in ape, One CR lasied
8 maonths, and thres CRs contings prograssing-fres for B+10
11+ months, Minimai toxicity was observed iz al of the
fuily evaluable patients, Most had sither reversible Grade ]
myzlosuppression (leukop=nia andior thrombocytopania)
ecourring 4 1o 7 weeks post RIT or np Ioxicity. One patient
had 7 mild siger and Fever during an RIT dose infesion,

Peripberat hiood Row cylometry revealed that CD20-
pusitive B cells comstituted 2 1o 20 percen; of circulaing
mononuclear gells s basshing in our patients. Most bad
decreases in the parcantage of CD20-positive cells 24 hours
after tacer infusions with thes patents showing complete
depletinn of these celis. All patizms recovered their €TI0
celf coumts ip tlose w baseline generally one to thyet ronths
after RIT and did not show any evidence of increased rates
of infection. No sipnificam changes in circulating CD3-
positive T cells were obssrved Also, no significant thanges
in serum fmmonoglobulin Jevels have been seen with con-
tinued follow-up, including five patieats who lud Iow lovels
prestudy. Only 1w patients developsd HAMA responses 53
and 81 days after the firsy 1race-labelag antibody infusion,
No instances of hypathyroidism induced by thyroid irvacia-
tion have ye! been abiserved,

DISCUSSION

A stiking proportion (four of six) of our observed
fespanses have been complete and durable. This, together
with the observation that responses could be achieved with
a relatively short cawse of treatment in patizats with bulky
andfor exlensive dissase and chemotberapy-resistant dis-
sase, aliests o the wility of this treatment. Although the
ultimate length of complets remission o soms of our
patients has yet to be detsrmined, this therapy offers, &t the
very keast, excellent palliation of disease iv view of is lack
of toxicity and the potential for wpead treatments i
relapse should ocour,

Several factors may account for the excellent resuls
obtzined 5o far in our current trial and for why they appear
better than these of other trals. First, anti-B] antthody
Epprars 1o be & superior tumar larpeting agent Indesd, the
ability 1o clewrly image all wmors barger than 2 em and even
lumor jesivas within the spissn (an organ rich in normal B
cells} sugpests a porential dingnastic role for radiclaheled
anti-BL. Toese results compare favorably with those using
the LL2 antibody {63), are sugerior to those we previcusly
obtzined with MB-i (56} and 10 those reparted with the
anti-CD21 antibody OKB7 {66}, Also, vur estippates of the
rediation dose delivered 1 tumorin cGy per mCi by H1-B)
(10.642.76) appears 1o be 21 least double that reported for
othes radiolzbeled B cell anihodins (56,63,64,66). This may
be, in part, becauss of the high degres of specificity of B1
for B cells and its Iack of crossreactivity with other eells,
Als, in contrast to th aniigens tarpeted by ather studied
antibodiss, the CD20 zntipen does not modulars {Le., dis-
appear from the cali sucface via cytosolic Internalization or
cell surface membrane shedding) afier antibedy binding

" {12). Since intemalization of radiolaheled antibody may
result in dehalogenation of antibody and subsequent relenss
of fres fodine from the cell (67), the shence of such =
mechanism avy result in proleaged retention of inact
radiolabicled antibody by the targeted call. Notably, better
tumar targeting appeared to traoslate into improved tumor
responses in our patienis, Those patiests with relativaly
poorer targeting did not, in general, respond 1 treatment.
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This way elso indicatz that {5e mmar esponses ohsarved
were more likely due to antihody-tarpeied madiation rathar
than simply whale-bady irmdiation,

Tn one patisnt with Eross splenomegaly (Patiem 1), sig-
nificant improvernent with aptivody predesing was seen.
Whey no predoss was given to this puiznl, radicactivity
locatizad predeminanily to the spleen and no wmor sies
were detectable, bit with 135-mg predose, splenic vptaks
of radicisotope was mch reduced pad the patient’s mulliple
nimor sites bacams detectable. This suppets our hypothesis
thet uniabeled antbody predosing may belp radiolabelsd
aotihedy 1o bypass an antigenic sink (such as the splesn) ang
alow its bener access to tmmor gies through compatitive
binding mechanisms batwesn nplabeied and Ieheled anfi-
bady.

Another factor potentially accounting for our results s the
low radiation doss-rate associated with this form of delivery
of radixtion 1o trgeted temar cells, Azimal mogel data have
supgested that fow dose-rate iradiation may, in fact, be more
themapentically efective than iasiamansecs irradiation frac-
tionally deliversd by copventiona) sxteme! beam (68-70),
but the radivbiologic basis for this is sl unclear Alsg,
recznt abservations have indiceted thay low dose-rate frre-
diation can induce apopinsis i Tymphoid cell linzs and tha
antihody hindiag to cells {including BI binding) can syner-
gize with this mode of iradiztion 1o indoce this effect
GL72).

The antibody moiety of the "'1-B1 conjugare mry also ba
partly msponsihie for antitumar effscts, B is capable of
inducing siibody-dependent selhular cytolysis (73) amd-
complemant-dependen cytolysis (20}, probably becayse its
Fe portion is of the IgG2a subrlzas Also, Bl can directly
induce apopiosis in certain buman B csll lymphoma cell
lines. We have recenily studizd BI antinmar effacts in vive
in 2 human B eoll xenogmaft nnds monse medzt and have
found that ander centain conditions unlzheled B} can have
comparable inhibitery effzcts on wmor prowth 1 i
tabeled anti-BI (73). Qur observatian of tmar responses
Guring tracer studies in our clinical toal also suggests an
antitumer sole of the B} atibody maisty, The relatively
high dose of unlabelsd anthody atministered in some
patients may have contributed to thess respocses. Indzed, in
twao of thres instapees in which rosponse cecued during
tracer sturdies, the respanse was only seen after the largest
dose of antibody (700 mg) was administered {Patients § pod
16). However, in these cases aad thase in which 2 respomse
uppeared 1o oceur only afier an RIT dose, a tarpeled radia-
tian effect is also Heely, espacially sinee targeting of mdic-
isawpcwasfuundmbcwhighinzhmcasesandcmld
tesult in the defivery 1o mmor of up 1 120 eGy per trezer
dose: (Tablz 2). Finally, it is certainly possible that at Jeast six
difficrent anti-umor mechonisme discussed above san he
working in concert sither additively or synsrgistically in is
treatiment including 1) anzibody-targeted radintion, 2) low
dose-mte rradiation and its incompileely nndessiond effects,
3) whole-body fradiation, 4) mtibody-dependent colliular
cytolysis, 5 compleaent-dzpeadent cyiolysis, 6} mtd antj-
body-induced apopiogis.

EXAMPLE I

ADDITIONAL PATIENTS TREATED BY Y p;
RADIOIMMUNOTHERAPY

Twelve additional patients werz treated essentizlly ag
Gescribed in Examplz 1, bringing the total pumber of patients
W 22. The cumetative resulls of all 22 patisnts 2resemms.
tized as follows:
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All received between § and 3 wrace-labeled doses inua-
venously (5 mC3 labelling 15 mg of B1 anibody), spaced &
wezkly intervals, Trace-labeled doses were immedialely
precedzd by cither no preueaiment, pretreatment with 135
mg and preveaemen with 683 mz of untaheled antibody. 16
of the patiemis received additiona) adinimmunoterapeutic
doses, ranging from 34 1093 mCi, preceded by that dosz of
unlabsied antibody that resulied its the bast memor imaging in
the tracer smdy. Six paiients were unable to reaeive radio-
immunotherapeutic dpses due cither 1o discass progression
resulting in physictogic deterioration (e=3) or dus 1o devel-
upment of 2 HAMA response {n=3). Of the 22 patiznts, 15
extibited 2 tumor respanse (CR or PR). OF the 16 patients
receiving 2 radicimmunotharspentic dose, 13 exhibited CR
or PR, Eight of the paticats who received 2 radicimenung-
sherapeuric doss exhibited CR. OF these 3 pariens with CR,
2 have relapsed (8 and 13 months postRIT) and the remain-
ing 6 have remmned disease free 16,13,8,6,3z0d 2 nonthks
post-RiT, respectively, Tamor sesponsss began during the
sraces sudies in 1} of the 22 paients, including 9 of the RIT
patients, but the graatest proportion of the respansz, and the
fasiest raie of chanpe, occurmed foliowing RIT. Toxicity has
been minimal; maximum bematologic toxicity=grade 3 has
heen seen in only 3 palients, end that of shor duration, The
whote body doss range sdministersd in palests to date has
bezn berwesa 25 and 65 cGy. The minimal toxicdlry ohserved
indicares that escalation of deses is approprise.

EXAMFLE I

oy RADIOIVMMUNQCONJUGATES IN
RADIOIMMUNOTHERAPY OF LYMPHOMA

General Considerations in Choosing Kagipisowopes

For radicimmymoscintigraphy the radioisoiopes of choice
are characterized by relaively low encigy gamma emissions
with 2 physical half-life in the range of & hours 10 8 days. A
gamma emitier with principle cmissions in the 0.1 10 0.2
Mev ranpe i yoost jdsal for scingraphy, because the
detecriom equipment is buill with a foeus on FmTechnetivm
which aceoums for mest of the Nuclear Medizing iraging
procedures, The thickness of the dateciivn device and coi-
fimator required for imaging with higher energy gamma
emitiers contribuie 1o the fuzzy images obtained with high
znergy pmnma sminers such as ' Iodine. Ap intact mono-
cional mitibody requires a period of hours 10 dayste Iocatize
in tumor and & period of days for the blood pool and normal
orgen background lo clear. Therefore, adivisologes with
very short helf-lives are not very vseful, Thus the initinl dose
in mCi mast be very large for 2 shon-fved radinisotope 1o
have sufficient activily remaining at optima) imaging Lmes.
Rediciodines have been uscd exiensively, b they suffer
cxensively from dehalopenatios, especially upon tnernal-
izaien of the RIC imp the target ctil, and the lack of
radiniodine with ideal characteristics (lodine is probibly
the cipsest, but it suffers from greal expesse, unceriain
supply of protein indination grads muterisl, and short kalf-
iife}. OF the readily available radioisoiopes for radioimmu-
noscintigraphy  with ao imacl monoclons!  antibody
Mpdine is the current rmdisisotope of chaice.

Gamma eminers are oot suitable for radisirmunotherapy.
o, B, 2nd 2uger elecuon emining radioisnopes have bean
proposed  for radioimmunatherapentic  applications
Although o-emining rdioisatopes are aa @red of preal
resezrch inlerest, there are o readily available o-amiting
radinisotopes for which chelaion chomistry hes been devel-
opad that have isotopic hall-lile charageristics that mach
the pharmacokinetics of 150G menoclonal antibodies. The
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auger elscuon eminer *1 has been used for therapy pur-
poses, but it suffess from dehatogenation and a long isotupic
half-life (60 days). Several §-emitting isotopes appear 1o
teve promising chamcterisics for radioimmunotherapy.
18 and SRe are promising B-emitting radioisolopes
that are under investigation, but thelr radioimmimoscinlig-
raphy parmer i3 suited for 1gG fragments (Fab' & Flabl),
nat 1gG because of its shon 6 hour halflife. A goed
B-emining isolope for mdicimmunotherapy using iniact
1gG is Y. It is 2 pure f-emitting isotope, S0 the unnzc-
es5ary expasurs by pensiraling gamma emissions 10 hospital
<af is mirmized. This unfortumately does nol aliow *'Y
be used for redicimmunoscintigraphy for the purpose of
tieveoping predictive dosimewry with 1 sub-therapeutic dose
of ™Y abrled antbody. The half-life of *°Y (2.6 days} is
Jong cnough that a significant percentage of the radiation
dose will be deliversd afier mmeor localization of the radio-
lsheled antibody Bas oceurred end its hall-life is shor
eoough that the isotope will have decayed 97% in 13 days,
so that hematological and imoune sysiem rescue via an
miologous bons marrow wansplant can be used i a reo-
sonehie time frame. A ™Y product suitable for high specific
activity radiolabeling of chelaed antibodies is available
from the Amersham Corporatien.

Beeause no yurium isotape with charaeieristics for radio-
immunoscindgraphy is readily available, il diolsbeied
B1-MX-DTPA is used for radigimumnoscintigraphy and the
dnsimetry thar would be obtained if *Y wese the radiolabl
is estimated. P°Y radiolabeled BI-MXC-DTPA i then used
for radisimmunttherapy, We onticipate that there will be
some inaccurgcy in estimating the dosimetry of the Y 1o
normal organs, especioily the booe, beceuse of the differing -
pharmacakinetic characieristics of the tiemsai jodine
(which behaves somewhat like iron and is goordinated by
the on carrying protste transferrin) and yurium {which
Dehaves suLEswiel e waldhln Gnd Sonswoimimt I the
ineral bone), e we expect that the efect of these differ-
ences in behaviers of these elements will be micimized in
the dosimetry estimaies, because boae marrow is the organ
in which the dosimerry essimale will be most affected and
autslogous bonse marrow wransplantation can supplement the
radinimmunotherapy wgimen.

Dose escalation of *°Y labeled B1 can be parformed o 2
canlious progression to minimize the Chances of imreversible
toxicides. The n:produdhilit? of the correlation barween the
dosimetry predicted from '1in labeled B1 and wxiciry and
the sffect of the %Y labeled B1 wpon mumor tissue is an
imponant consideration in use of Y iaheled antibadies for
therapy of cangers.

Characterization of BI Antigen and Anti-B1 Antibody

B1 auligen is expressed on all B cell cancers excepl for
myelomas. Bt antigen is absent from Testing or activaied T
cells, eryihrocyies, menocyles, Null cells, and grannlocyles.,
Bl positive B cells occur in lymph nodes, bane marrew,
spiesn, and circulation. The results in trapsplants of autolo-
gous bope marrow puged with B and complement in
non-Hodgkin's B ecll lymphoma patieais indicated that the
B1 amigen is not expressed on the pre-B stem cell as thewe
is nornal reconstimton of te B celi populmion. Recent
studies of the 81 anigen (CDI0) indicate that B cells ara the
only el type that express the mRMA for CD20 antiges.

We have swdied ssus/orgon specific bipding of Bl
anifbedy beyend nonspecific scanered biading o tissue
where nonspecific control antibodies also bind. The resulis
of these studizs are shown in Tahles 4 through 6.

By vinue of its similar distibution in the B cell lintage,
an anibody directed 2gainst the CD19 antigen is expeeted 1o
be yszful in the samc manner as the B antibody, This is
especially the case when ™Y or 186Re is tha radivisolope
used, sinet loss of the isotops upon intemalization it not the
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preblem shat it is when a radishalogen is used to labed the
amtibody,

TABLE 4
B} Reactivity with Frozen Normal Hutus Tissess
Dﬂmﬂb}r Avislin- it § idase Swining
Ralestme 05771599
Froma Ads Titpes Nussber Positive/Norsinr Proceysed
Adrenal ws
Appendiy s
Breast L
Cerviy 173
Colom 04 A
Erophapgns [+x)
Eallopiag Tube 1]
Hemn 1
Imesting 7
Kidnzy o4
Liver n3
Ling o5
Lymeh Node s
Hsal Folyp ol
Ovary o
Panmeas 2B
Provae oy
Spleer 3
Stomach o
Thymus 172
Tiooid 113
Tomi} n
Teah=a 013
Ureris o2
Key:

(A):-ssumd glandutar nonspacife aifeet
[B): wattered nonssific activity o istets of Lanyerians esliy

TABLE 5
Bl Reacrivily with Frovan Normal Feta! Tiasney
Deiermined by Aviddin-Biotin T iduse Sipining
Referonee RETTLSSY
Fror Fotal Tissos Numbr Posiuve/Numder Procesed
Adrenal ol
Buiin ol
Caloe .
Her 1]
Kidney s
Kideny w5
Liver e
Lusg o6
Pomorezs 19
Smal] intzsrine 0M4 A
Smeoth Muschls [}
Splsm 5B
Steensh [vx)
Thytrun 8
Uesthilical Ceed a3
Key:
{AY: scatiered glanduler nonspesific atifet
TABLE 6
81 Reactivity with Frozco Lymphiena Tinues Detestiined by
Avitia-Bigiin L rida Siaining

Frozn Fzfercars #5771599

Lynphoma Ticues Nursber Pritive/Number Proceused

8-Cedt iH

Hodgkins wl

T-Cell at

30

L]
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We have obszrved no chenge in the spesificity of B}
woncclonal antibody aftzr conjugation with isothiocyaa-
tobenzyl-methyl-DTPA and metalative with indiam using
standard conditions, Potentiad chianges in the spacificity of
the B1 monoclonal andbady afier labeling wers adtressed
by compuring the immunohistochemical tssps specifichy
and immunofinorescence (fow cyiometrie: and Ruoreseence
micracopy} patisrms of metalated {enomdinaion complex
with thie stzble sorope of In) BI-MX-DTPA versus untreated
B morectonal antibody (both the lot B] that was Lo
th= BI-MX-DTPA and our QC backlot of BI}, Far this study
0.5 mL of nopradinactive I, at 0.2 ugfml. i 0.04M BCY was
added 10 0.5 ml. of 0.25M sodinm acemate (metal fres),
BI-MX-DYPA (2 mg) was added 1 the neutralized ln
soltion and incubated for 20 min bafore adding 0.25 ml. of
0.005M cajelum EDTA. The In-B)-MX-IITEA sample was
then diluted in injectshie satins.

For immyacAuressenes analysis, the In-BI-MX-.DTPA
was 1ested side by sids with its parent ot of BI at doszs of
20, 5, and }.25 micrograms antibady per twbe of human
bloed. Taz population of czlls in norma) buman blood that
boend Bl were detectsd using ﬂanrcsccinisodﬁocyanam
iabeled goal anti-merine immenoglobulia (GAM-FTTC).
The whole blood samples exarrined by Auorescence micros-
copy showed no significant difference in the pevcentage of
positive cells {3 to 5% of lymphocyics) and vepative cells
(0% ofnmnucyl:snrg:annlocms)nﬂhcimmi:yof
staining {mear Suorescence channe} of positive celis, 99 10
110 by flow cytomeiry).

To test that 1o new population of celis is recogmized by
the In-Bi-MX-DTPA we performed & dusl fluorescenre
labeling experiment nsing phycoerythnin conjugated B
(PE-BY) and Huorecein-isothiocyanate Jabolad par apy-
murine fmmunoglotulin {GAM-FITC). Whale blood was
reaged with an equimolar mixture of the PE-B] and the
1a-BI-MX-DTPA parent Iot. ‘The olls wers then washed of
excess unbtund matine antibody and rescied with GAM-
FITC, Ty this experiment we would expect the Suorescent
cells to Auoresce red (PE-B1) and green (GAM-FITC) if the
PE-B! and lo-B1-MX.DTPA or parent ot B1 bind o the
same celis. Any cells that reacted only with In-B1.MX-
DTPA but ot with PE-B 1 would fusreses “green” only and
thus the conjegaied Bl would be considered i
sinee PE-BY should hind to all colls bearing B1 antigen, The
vast majority of the hlood cafls were negalive R~G-94 1p
99% of cells}. Five percent of the calls that were examined
by microscopy and 1% of cells enalyzed by fow cylometde
analysis Buoresced bath red (PE.BI) and preen (GAM-
FITC), indicating that B and In-B1-MX-DTPA, recognize
the szme population of blood celis as PE-B1, The excepion
was that 1% of the calls pxamined micrescopically appeamd
positive for FE-BI, but not GAM-FITC R+G-} for the
parcnt B1 ot These results indicate that indinem labaled
BI-MX-DTPA and BI parent Jot possesses the same spoci-
Heity for circalating blood csfls.

Another test of specificity of the meralated.-B L-MX-DTPA
was 10 study the immunchistochemical stajning patterns of
QC backiot, B} parent lot, and In-BI-MX-DTPA usizng
sectipns of frozen normal (not aroplasie] hutwn tisme
{boih B cell negarive tissues and B call positive tissues), No
significant dliffstzaces o Slzining paterns of thess thres
prepesiions of BI are obvious upon examination of the
slides, In pormal tissne B is exclusivaly a membrane bound
antigen. Thess tissus sections were considernd positive if the
outer cell membranes of any cells in the entire tssye secting
siin positive. Cytnsolic binding was eomsidered o be nop.
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specific in natare. Four adul coniro] tssuss {liver, prostate,
heart, and werus) and ine cantrod fetal dissues {intestine,
tung, liver, kidnay, adreasl, hean, brain, thymus, and colon)
wers sxaminsd that should have been negative; all were
pegative with the three B1 preparalions 1esied, exeepl for
some tytesalic background binding. Most of the samptes of
ihe tssues that should be posidve (tonsil, lymph node, and
spieen) showed membrans swining typical of B} positive
Lissues with the three Bl preparations tested, We conclude
sl thert is 1o change in the tissue spesificity of B1 that is
deteciable by thess methods when it is gonjugaed 1w ITC
benzyl-DTPA and mewdzied (labeled) with In.

In non-szcerous lssue B) appears exclusively gs &
srembrane bound antigen. Tissue sections were cansidered
positive if the outer cell membranes af any ceils in the entire
fissue section sitin positive, Cywsalic binding of B} was
considered o be nonspecific in nawre. Four aduit conrol
tissues (liver, prostaie, heart, and uterus) gnd pine contro}
[wal tissues (inizsting, lung, liver, kidney, adrenat, heart,
‘hrain, thymms, and colon) were exarmined thal should have
been nepasive, all were negative with the B1 preparatioes
1ested, except for some cyinsolic hackground binding. Most
of the samples of the tissuss thal sheld be positive (tonsil,
lymph node, md splésn) showed membrans statning typical
ol B) posidve tissues with the Bl preparations sestzt.
Labeling of Antibady

We have found that BI can be successfully conjugaled
with MX-DTPA and radiolsheled with '*'In or ng (see
balpw). By this radiotabeling method, the anrigen mattive
frzction for B1-MX-DTPA was 7128% (5.D.) for 27 geter-
minations.

B1 is rediolabeled with '¥ln and ", using & chelalion
laheling method ariginally developed at the Natonal Cancer
Tumsirta med pefimad bu Doylter Imvmuncingy 1-Polenthin.
cyanam«hcnzyl—mzmy!—dicxhylmsuinmimpmaacaﬁc acid
{ITC-MX) is used as the chelator, ‘Tt syothesis of TTC-MX
is 2 6 s1ep synhesis carried oot by the Orgacic Chemistry
Bepartment of Coutter Immunology Division.

A dizgrammasic representaton of this synthesis is pre-
sented in FIG. 3. This synthetic route is a modification of the
procsdure reponed by Brechbiel et al (86) for the synthesis
of 1-p-Ismhiucyaaato—bmyl»mthyl-dizmylenwimﬁnb
pentaacetic acid {1 C-benzylDTPA). The staxting maienial,
}-p-oitro-L-phenylalanise manohydraie is obtined fom
commercial sources and characterized as o idemify and
parity by melting poinl {dccomposition), infrared speeyos-
topy, nuglear magnesic resonanee, and anafytical reversed
phase high pressure liquid chromatopraphy. The provvcts
are checked for jdentity and perity at each step by mothod-
gipgies that include HPLC, infrared spectroscapy, nuclear
magnetic resonance, wmeling point, thin-layer chromalogra-
phy, fast aiom bombardment mass SpCEOSCOPY and elemat-
wl analysis. The overall yield of the synthzsis is quits ood
at ahout 17% (considering that it is a 6 siep synthesis), The
final product is fillered through a .22 micren sterile fiker
and aliguoted into sterile wbes using aseptic technigue.

The aliguats of TTC-benzyl-MX are stored a1—80° C. umil
use for conjugation with mongctonal amibody. The ITC-
benzyl-MX bas been shown 10 e sizble for a1 loast 2 years
upder these sturage conditions, This final pradurt is ana-
lyzed by HPLC and functional tests for purily, stability, and
performance. The LAL assay for endatoxins indicates tha
the endotoxin coneentration of this fnal product s Jass than
0.0 endoioxin units per mg of T benzyl-MX-

Selection of Padenis

Patient eligihilicy is mestricted in our study io histelogi-

cally or flow cytomelric anayss confirmed B posigve
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nan-Hodgkin's lymphoma which has relapsed from canven-
tional primary and salvage regimens, Dus ta the somewhat
experimental nawre of the therapy, patient eligibility is more
restricted than we cxpeet it 1o ulimately be. At the present
time, paliens mrust have 2 chronotogical age greater than 18
years. Paticnis must have bone marow function tat quali-
Fes them for an avtelopous bone marrow transplant. Patients
must be of reasonable health other than their lymphoma
disezee without any ather malignancies, Ao uncontolled
viral or fungal infections, be HIV negaive and have an
32 survival of mome than 2 months. At least three
wesks must have elapsed since any priof therapy or surgery.
Pasients gwst have reasonzbie end organ function and
hematopoiesis, including no clinically significant cardiac ar
pulmonary symplomology. Pazizis will be excinded for
whasm the previcusly received dose of midiation therapy is 5o
great that radioimmunothiesapy might exceed organ toler-
ances. Patienss must be capable of and give informed
consen! before entering the study, Patients with known prios
cxposure or hypersensitvity to murine proteins or bone
marow transplan; will be excluded. Pregrent md mersing
womea are excluded from the stady. Patients in whem ther
is 2 faiiure 10 demanstraie ocatization of 1o Jabsled BY in
at Jeast 0% of the knows Lumor sites will not receive 2 dose
of *Y BL.

Compositien of the Drug

2 Contents of Vial 3 {70 ml.) and Vial 2 (3 mL}

1. Mouse IgG2a Viai 1 4-6 mg/ml Vial 2 35-43
mg/mi.
2. Potzssisin Phospbate 1.7 mg/mlt5%
1. Sodivm Chleride 8.5 mgimidi%
4, Maltose 100 mp/ml410%
Final Product:

Oauler Pone@ B ic 2 clza
labeted plass via) stoppered with & gray silicone conted buryl
rubber stopper and capped with an alumnimn crimp seal.

b. Contents of Viak 3 (1 mL) (B1-MX-DTPA)

1. Isothiptyanaio-benzyl-methylDTEA-Mouss 1gGla
1.6-2.4 mpfrol.
2 Sedinm Acstare 0.03M+5%
3. Sodium Chltride 8.5 mp/mliS%
4, Matiose 100 mg/mlE10%
Final Product:

COULTER CLONE® Bl conjugated to Isothiocyanalo-
benzy}-methyldiethylenstriamincpenta acelic actd 15 a clear
coloriess Jiquid in @ propely labeled polypropylene vial
swppered with 2 gray teflon coated butyl yubber stopper and
gagped with an aluminue crimp seal

. Contents of Vial 4 (0.5 mL) (Acetate bufier)

1. Sodium Acctate 0.25M+5% :
Final Product:

$ierile, non-pyrogenic agueovs 0.25M sodium acetals in
3 propedy labeled polypropytess vial stoppered with a gray
1efon coated buty] rubber stopper and capped with an
aluminura crimp seal.

4. Comients of Vial 3 (1.0 mb) {Quenching Reagent}

1. EDTA 0.003M5%

4, Sodium Chioride 9 mp/mlts%
Sterils, non-pyrogenic 0.005M cthylenedizmine- leira
apeizie (EDTA or Versenate) in 0.9% NaCl in a propeily
Iahsted polypropylens vial sioppered with a pray teflon
comed butyl rubber stopper and capped with an aluminum
crimp seal.

c. Radiviabeling Agents

1. My in 0.04N HO {purchased as & scparawe com-
ponent}

a lear eolorisage ionid in a nenherly
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10 25 eatios 10 mOUmL at assay date.
Fina! Preparmion:

Sterile, gon-pyrogenic 'V'Iz in 0.04N hydrochlotic acid
(Medi-+Physics/Amersham  Corporation product INS,LPA,
or agquivalent),

2. Y in 0,04N HCI (purchased as a sepacaie om0~
n2af) *°Y a2 extion 20 mCifmL. ot assay dute
Fina! Preparation:

Sterite, non-pyrogenic *Y in 0.04N HCT (Medi+Physiey/
Amersham Corporalion product YAS 4P, or eguivalant),

The "MIn-BI-MX-DTPA and Y-51.MX-DTPA will bs
diluted with injestable 0.9% saline containing 5% human
albumin {Albuminar-25, Armour Pharmacemical Company,
Kankaker, T, Bumingte 75%, Baxter Healthcars Carpora-
tion, Hyland Division, Glendale, Calif, or equivalent),
Desitnatry

Since dosimelry is required for ™Y, and guantitative
imaging of the Bremsstahlung is extremely poot, all organ
dosimatry {exczpt the blood for which direat %0Y daa will
be obtzined) will be derived from "'In-RIC images under
the assumption ot the "in and *°Y-radiolabaled antibody
posses identical pharmacokinetics,

Dosimatry protocol

1. Adminisier 1o the paent a imnging dose of in
radinimmunoconjupse. An Y'in siandard will be placed 2t
the level of the patient head for dstermination of the sensi-
tivity of the camera,

2 Patient alignmeat relative to the mhle will be moted and
reproduced on zach imaping session.

3, Obtain antesioz/posizrcior planar fmages on the whole
body camera at the time poinis: day 1, day 2 and day 3
setiing twe 10% windows centered at the 245 keV and 173
keV emission energizs of *In. An additional ycatera
imagicg session will be performed on day 7 following
treatment with ™Y and the results will be snlyzed for the
n, and if possible Y, disuibusion,

4. Draw region of interest (ROT) around tumoy Tegians,
heart, liver, spleen, ling and muscle {background), RO wil]
be corvelated with normsa! ergans and knows wmor voluges
frem CT scans.

5. Take peomeiric mean of wtal pixel count divided by
number of pixels in ROI from opposed views, sothat one has
a value for the average cpm/pixel for each argan. This value
is almast indzpendent of the death af the souree within the
paient, but is dependent on the patient thickness. Patien
separavion will be measured ot head, neck, chest, ahdomen,
hips and legs.

fi. The geometric mean of the fpixel from each RO}
will be converted 1o mm sctivity of “y following catibraicn
of the machine using & set of standard specific activity
sources of different volume measured within 8 water phan.
tom for verying water depths in the tank. The intention of
this study is to obtain a relation betwest mean cpm/pixel and
peilg for Yo, as well as & ser of ancavation values for
several water dzpths.

7. Obtzin the average cpm/pixel far the whole body
dacived tom images of the head, chest, abdomen, pelvis and
legs on day L This datz will be related to wotal activity of
“in admipistered and is a eonsistency chek with the
phantom datn,

8. The geometric mean of the total epm for whele body
and each tissue of interest will be converted to *'In pCifp.
The conversion of spm 1o activity is given by the formula
given balow,

ASSQRIV ) Wreap (TN

wherel, and 1, are the cpmipixes from anterivr and posterior
counts sespectively, WT/2 is the atlenuation balf thickness for

=

0

k1

i

60 dose for liver (0.62 <«Gy/mCi

28

the double indiam peak and will bz derived from the waler
phantom swdies described in step 6, nd k Is 2 camern
sensitivity conversion factor of the cpm/pixel per pCilg in
air obtained from step 1. :

9. Far cach set of images epm/ROT will he convered m
nCifg in that tizus. Each set of dara will then be decay
comected i yield the biclopical upiake and clearance qurve
Y for each tissue.

16./The decay camected data for each ROT will be plotted
and fitted to en exponzntinl cleasance rurve Y(t=anzp(—
A1) Or 2n expanential accretion and clearence Y{t)=a(i-
exp {~Augthexp (A, 1), where Y{U) is the tissuz ratention as
a function of iz, Ay, and Ay, are biolegical clearanee ang
arcretion constants, and a is & constant refiscting the pagk
fractional uptake in the tissus of jawrmst

11, The doss calculation for each tissoe with bz performed
using the MIRD (Medical Internal Radiztion Dose Commit.
t=2) protozol, The mdistion gbsorbed dose D is giver by

D UmM{i DAL EAY,

where A(t) is the physical decay curve for ™Y, ¥(1), the
fetention charagienistics, m, tha organ mpss and A, the
coulibrivm dose constant for the mdionudlide, For 2,
ZA=1.9B4(g)eCy) (zciitm). Since ™Y is a pure B-emit-
tz7, &od the yield of Bremsstrahlumg low, all the smited
radintion can be assumes 1 be non-peneirating, L&, depos-
ired within the organ containing that activity, Extrapolation
of the biofogical nnd physical elearance rates for normal
organs will be assumed 1o parallel that of the blood,

12. Patients blocd will be sampled 20 mimytas afier
administralion of the "'l and *°Y radiolabeled antibody
and then daily thereafisr Phamacokinetics and absorbad
dose caleutations for blood will be detemined from direct
messuremenis of the specific activity of *Y from aliquats of
the patien:s bigod in a well scintiliation counts ison
of the clzarance curvas for 'In and **Y from the blood will
be 1 good indicatar of the refative stahility of the two RICs,
Appropriate detection procedures will be used to obtis
indepzndent *¥ and "I informmtion from the bload
specimens. Altemative methods of caleulating dosimetry
estimiies ase within the scope of general knowiedge,
Radioimmunoscintigraphy and Radivimmunotherapy of
Patients Using Anti-B1 Antihody

In this study unlobzled BE (2.5 mg/kg) is administered 1o
patients 1 hour before the zdministration of the radialabsled
B1 20 minimize the non-specific organ uptzke of the radio-
Iebeled B, Awisody chelaad with 5 millicuriss of ™'y per
dese or 20, 30, 40, or 30 mCi *°Y (or § mCT intsrvals as the
dose pears the maximuen tolerated dose) js adminisiend on
B1-MX-DTPA (1 1 10 mg) rixed with urdsbeied B for
total dose of 1 mg-of anlibody administered by intmvenous
infusion,

1. "n-B] and ®Y-B1 studies of Patient BLE

The winary excestion of '"'In was only 7.47% of ot
dose al 63 hours with no unlabsled B} carrier, but fncrenses
ta 13.85% of total dose with a ] me/kg Bl dose The
estimated radistivn dose from "*In was hipher for lver
(1.22 cGy/mCi *'In or exrapolaied 10.77 cGy/mEi %°Y)
with 2 mg 'In.BE-MX oaly then the estimated radintion
"'In or extrapolated 5.86
¢Gy/mCi *Y) when § my/kg of carsier B] was given (e
TABLE 7). 'The dose estimates for the other Organs weie
similar @l both deses of Bl Carier BI (1 mgfkg) was
sefected as the dosage for adminisration with the therapea-
tic dose of Y BI.MX-DTPA.

Only 2 minor transiznt decrease in platelet concentration
(nagir 113,000 platelats/ul) was detected shout 4 weeks
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afier the administrzzion of 20 mCi **Y-B1.-MX.DTPA (se2
TABLE B). There were no remarkeble changes iz other
hemaologic paramelsrs for this paient afier ucatment
{except that WBC decreased slightly from the 4000 w0
9000/l renge pre-treament 0 3700 10 AB00AUL mnge
during the 4 weeks afier weaiment {TABLE 8). It was nol
necessary 1o re-infuse the patent’s karvesied autologous
siem cells. The patient experieaced light-headedness vpon
standing without loss of conscipusness for 2 three day
period, occurring shout 2 months afier treatment.

The follow-up exanminations of BLE onz month afisr
seatmens with *CY-B1-MX-DTPA indicated a minor
response in para-aontic and peivic tymph nodes, but the right
inferior glues node was estimated at 5.1x3.1x3.6 em by
doppler fow. Follow-up at 2 months, 3 rmonths, and 5
months has indivaled stible disease (right inferor glueal
nnde was estimmated at 4.4x3,2x4.4 £m by doppler flow afier
 munths), but o further decreask in disease has been noted.
» Miyg B and *°Y-B1 swdies of Patieat FPD

FPD enered on swudy afler it was determined that he
remained HAMA negative despite prior exposure (o murine
monacionzl eniibodies. Prier wimaging with ' In-B1-MX-
DTPA ek axillary nods was 1.5 cra by palpation with no
shiominal sbpormalities detectable by CT. The parapmic
aods at L4 was 1.0x0.8 cm by CT. The ekt Axiliary node
imaged by radicimmunoscimigmply with M0.B1-MX-
DTFA at the no carrier B dose and 1 mg/ks dose (83 mg
B}1). In zddivon a nodular panters of uptake in the spleen that
may be lymphoma was detected with W10-B3-MX-DTPA
{first dosa 2 mg *HIn-B1-MX, second dose 1 mpfip Bl ar
33 rag B1 ples 2 mg In-B1-MX).

The urinary excretion of *"'In was 14.14% of total dose
o 70 hours with nip unlabeled BY carrisr and 13.55% at 719
hioe with 8 101a] dies with a1 mefks RE. Tha hinod pool
W was only 8.83% of the total dose az 70.5 hours when
10 carrier Bl was given, but was 36.47% of the s} dose
when | mgfkg was given. The estimated radiztion doss from
1131y was higher for spicen (6.08 cGy/mCi *1'In ur extrapo-
tated 0.74 cGy/mCi Y} with 2 mg ' In-B1-MX anly than
\he ectimaated radiation dose for splesn {0.14 eGy/mCi **In
ar extrapolated 1.36 cGy/mCi *°Y) when 1 mg/kg of carrier
BT was given {s¢z TABLE 7}, This increase in the radision
dosz 1o 10t body is due 10 the inereased fraction of B
in blood pool with thoe, The e of no carrier B} lowered the
Yackground radiation (o tormal OrgANs. FPD was gives 20
03 of "¥.81 (2 mg B1-MX-DTPA withou carie Bl.

Mo sipnificant decrease in platelel concentration has besa
derected in this patiemi pesaremment There were 1o
remarkable changes in other hematelogic paramelers for this
paienL 1t was nob necessay Lo re-infuse the paticnt’s
harvested autologous stem cells. The patizat experiensed no
acute ar chronic adverss reacions 1o te themapy.

The follow-up examinations of FPD oac maonth and two
months afier weament with Y-B1-MX-DTPA indicals
partial responses 21 bolls times. Afier one month oo paipable
axillary nodes were fourd and the para-aonic node at L4 was
0.5%0.4 o by CT. After two mouths no palpable axillary
disease wes detected and the parasortic node was less thao
03x0.3 em by CL.

1, Wn BT and 2Y-B1 studies of Patient NWM

For patient NWM, prior 1o imaging with Vil BIMX-
DITPA, Jefi axillary node was 1.5 10 2.0 cn by palpalion with
extensive abdoming) shnormatities detectable by CT. Bilae-
eral inguinal adenopathy was datzcied. Smafl {less than 1
m) nadss in-the gestroheputic ligament, ilisc region, pan-
creatic, pare-aonic chains were deicczd. Mediastinal and
bilateral axiliary nodes were also posilive. Radicirmunos-
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cinsigraphy with 'In-B1-MX-DTPA at the no carier Bi
dose ravealed localization i the mediastinal, Jeft axillary
and mescricric {parapancreatic) nodes. Imaging affer Wiy,
B1-MX-DTPA pius the ! mpfkg carrier dose of B1 {106 mg)
resulied in significamt improvement in the numnber of nodes
tha imaged. The carrier dose aliowed images of the lefi
supraciavicular, right and 1sft Infraciavicular, mediastinal,
ekt hilar, gt and kef axillary, parazontic, mescnieric, Tight
and lef zxiernal fias and right and left inpuinal nodes. The
uriaay exereton of Mo was 18.03% of tolal dose at T2
hours with no unlabsied B1 carricr and 36.08% at 71.2 hours
viith 2 totz] Bos= with 2 1 mpfkg B1. The bloed poal Mo
was only 4.54% of the towl dose &t 723 howrs when o
carrier B] was given, but was 24,41% of the wial dese when

1 mp/kg was given. The esimated radiadon dose from b
was lower for 1) body {0,055 GyimCi *"'In or exirapo-
lated 0.53 cGy/mCi #7Y) with 2 mg **'1n-B31-MX only than
Ihe estmated radintion dose for o body (0.092 cGy/mCi
1y o exmapolaed 0.88 Gy/mCi ™Y) when § mafkg of
carrier BI was gives (see TABLE 7). This increase in the
radiation dose 10 wial body is due 1o the increased fraction
of ¥13.B] in blood poo! with time. The use of camier Bl
improved the wgeting of lymph nods sites of disease and
ipereased the urinary clearance of **In. NWM was given 20
o0l of ©Y-B1 (2 mg BI-MX-DTPA} witk | mg/kp (108
mg) of carier Bl.

4. "B} and ™Y-B1 smdies of Patient JEF
For JEF, bone marow involvemsnt with Bamor was
estimated &t 10% of ina-trmbecular space with 20% fal

Extensive shdominal nodal involvement including the ret-
rocrural, right and lefi pasa-aonic, meseateric, and right and
\eft common, fernal and extzroal ftiac nodes. The lagest
(Icf) para-aoriic node measured 65.5x5 cm znd the winem.
2t and mesenteric sodes were <2 em by CT. The spleen was
slightly sntwged. Imaging with 181p B 1.MX-DTPA (25
mp/kg B1 antbody) resulied in an exeslent cornelaton
berwesn the radioimmunasciotographs and the concomitant
CT scan. The B antbody scan agreed with the known sites
of dizense, Bone marmrow also showed positive on the sca.

JEF received 20.25 mC3 of *0Y-B1-MX-DTPA with 2
mgficg B} manoclonal antibedy (133 mg B1}. JEF eaper-
enced fo adverse reastion 1o either dose of B1 monocional
antibody. The **Y cleared from the blood at a raie consisient
with 2 blood half-life of 25.5 hours. The calculated dosim-
stry estimares estimated that 1he splesa received a radiatian
dose of 4247 cGy/mCE Y-B1-MX-DTPA {TABLE 7).

Liver and lefe kidnoy wers estimated to moesive 2247
¢Gy/mCi ®Y, The bone marrow was estimated 1o receive
4.49 eGylmCs Y based upou @ single point bone biopsy.

Auolopous bone matrow was re-infused imto JEF 18 days
afier the dose of 2Y-B1-MX-DTPA, Twenty-four days afier

ireatment with S*Y-B1-MX-DTPA the patient was judged 10
have had a minor response with some decrease in splepom-
eglia and the Jefi para-zoric node had decreased from £.5%3
cm to 5.5%4.5 cm measared by CT. Restaging of the patent
57 days afier treatrosnl indicated-a further minor respanse
with the L paratoriic nods decreasing to 4x5 cm. Re-staging
a B days indieated no furthzr reduction in disease, but
stable disese {lcft para-soriic node 3.5x4.8 cm). This
EE;I:I:II! hed progressive discase prier to treatment wilh

“BI,

. JEF expeticnced a grade 1T decrease in plateiet counts of
approxjmaely 31 days duration. Ths shserved nadir of
26,000 platelews/ul. was al day 24 zfier veamment JEF
continued with plaeier counts in the 33,000 10 54,000/l &
least through day 117 afer zaiment. JEF experiences 10
significan medicel consequences to this lowsred plaztel
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levels and returned 10 her emplayment a1 approximately day
€0 after treatmen,
5. *YIn-B) and ™Y.B! swdics of Paiisat BAH

Bone marow involvement with tumar was eslimated at
0% of intra-trmbecular space with 20% fal Extensive
ahdominal noda! invelvement incleding tha ratrocrural, right
and left pars-gortie, mesentetic, and fght and lef commen,
internat and extemsl fliac oodes, The largest (izft) paca-
gortic oode measured 6.5%5 cm and the retrocrural and

mesenienic nodes were <2 om by CT. The spless was o

slightly enfarged. Imaging with *MIn-B1-MX-DTPA 2.5
mg/ke Bl amibody) resulted in geed tumor jocalization
especially in the axjllary node. BAH received 20,8 mCi of
MY.81-MX-DTEA with 2 mp/kg B} monoclom] antibody
1150 mg B1). BAH expericace uo adverse rezction te gither
dose of BI manvclonal antibody, The Y cleared from tha
bload at a rale copsistent with & blgod hall-life of 275 hours,
The caicutated dosimetry estimates esrimated that the spiczn
reczived o radiation dose of 13.63 cGy/mCi *Y-B1-MX-
DEPA. Liver exposure was estimated at 16.42 cOy/mC %0,
The sight Yidney was estimated at 23,25 eGy/mCT and left
kidney 21 21.04 cGy/mCi *°Y. The bons marrow was esti-
mated to receive 16.27 eGy/mCi *Y based upon 2 single
pint bone biopsy.

Autologous bone marmw was re-infusad into BAH 17
days after the dose of "°Y-B1-MX-DTPA. Twenty-thres
days after sreatment with *°Y-B1-MX-DTPA the patien: was
judged 1o have progression of disease {especially axillary
node which increased from 4xd em 10 4.8x4 857 cm by CT.
The hydronephrosis was stable with a slight increase in the
liver lesions. Continned progression was also naied in the
axiliary node a 4% days (7.5x7.5 cm by CT, 108 em by
physical examinalion) with cxiznsive plemral sffesion with
asuie hydrozephrosis and chronic hydronephrosis on the Jef
kidney. BAH was lost 1o suwdy and further tnterpretation,
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BAH develop=d a candida genitourinary infection secondary
o the hydrncphrosis, The initia) interpreciion was that the
ydronephrosis was atrbutable 1o butky biockage of the
urclers. The patient was given 2000 ¢y of external beem
therapy t0 1he abdomen, pelvis and axilla, The hydronzph-
rosis was subsequently atibated 1o blockage by stones end
or debris and was succsssfuliy trarsd,

BAH experienced 5 grads TV decrease in platelets witha
sadir of 13,000 plaelers/ul. and 2 grade I dectease in whits
blovd cefls (3000 WRBCHL) 39 days afier therapy with
*Y.B1. Because of the external beam wadiaion thempy it
vas 1ot possihic to Farther assess the hematologieal taxicity
of the "Y.B} dose. Tha patiem did require pediodic plaelet
suppest for aa extended period.

Conclusions:

Significant inxicities have not besn observed at the 13 and
2 mCi leve of ™Y-BI-MX-DTPA. Four patients treated 1o
date have shown 2 minur respozses, oaz partial remission
end one complete response,

Two additinnal patients have completed smdy. Onz addi.
tional patierd that completed stody had 3 partial msponse,
but experienced grade HI suppression of pletelets, The other
additional patient had a partia) remission, radiotberapy was
Eiven 1 the brain of this patient afier new discass appeared
and the patiznt is now in & complers remission Statug. A thisd
ndditional patient, who is thus patient mumber 7, recaived
Y-B1-MX-DTFA therapy, ut could not be evaluzied for
toxicity duz to external beam radiation thempy that was
given o wreal hydronephrosis symptoms, This seventh
paiisnt’s dis=ase continued to progress, exceptin the fald of
the extemal beam thermpy. Patirat number 7 failed 1o dem-
enstrate adequate tumor localization with “'1n-B1-MX azd
thus did not enter the therapy phase of the study.

Dazezs, rediochemieal
Bl {25 mgfkg body
e

oL,
an “Y-BI.Paﬁmumingzﬂwﬂh

TABLE 7
jex, imagin, £ ind toxicity for § prtienis
Wit BL-MX-DTPA. A dose of

weight 2t DFCY or 0 o | mglkg body weight) B
d st prior 1o edngi

i of i imaging or

teerapeatin doses, Divaer sites demzied by
radigtromeatzsintigraby/iesbe: of tuown ics of Gxsass by all
oiher mehods, No advers: roactions wess gbstrved upe
sdritivration af B/ ViBE-MX-DTRA dup,

100t 1002 1.0G3 1004 2001 2002 2.003 2004
Patien pmznber JEF BAKH 4] Ny aLE D NWM SR
90-Yudum-B1 (im0 2030 22wl NoS0-YBi BAmtl 135m0  137mb 216
mg eald B1 1Hop  IS0my dosz 2% my 106 mg o]
RIS deeried mo mn i) ?
Hifionwn sites {no
eold BI}
RES detcted 4 ot me 2 ] 7
sitcylmown yites H 5
[with cold Bl) stsonfirn=d umabmed

itz i1 Tung T

Finical Response Stobde  Progmusion Mo teray Farigl Mizar Complers  Pomiat Minor

Disemie Remission  Resp Remisies  Remisim@ P
@ Padent subsequenly received mdion ,,mwnﬁwmmmwhﬁm:minmmm:ﬁnn
'?nﬁmh:dcmimmlymphnmuminw]mmm!m:mupedmalmd iz lysphad=nopady, here was i meell Lati:
ﬁmmmimﬂmmmrﬁuhbﬂmwwwmﬁmﬂ ially defined ) 1 imvol Cose site in

Ince mmiped poexptained.
3 uneenfimmed lyzgphmﬁmmdmmbym

Fr*{ls and slight Hght-headedoess seported during ondy 1 of 3 admicivtrations of BE.
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TABLE R

Dosiory calenluians for orgass woial body and wimery chesmome: esimugs from "y.B} sndy based upon
excrapolsiion of indiom-BI-MX-DTPA disibus ma phar inztict pad ¢ Radfigtion dase is
eGyhmCi *Yorismn,

[ EeiH] 3-002 001 2001 2 2002 33 2.003

JEF BAH BLE HLE FPD PR NWM NWM
Paizm rerchar 25 mphs 5 myikg & mg B i mphy G ms Bl 1 mpfks Omg Bl HECTT-
Tesd Bady 32 i) 144 1.5% 0.74 134 oS3 L1t
Lirsr a4t 1642 10.77 5.8% .06 [ X3 1.6 561
Spizen qr47 13.8 4,34 L) 1B T4 1076 123
Hezt 12719 3-8 1182 1275 a4 E.41 173 547
Figt Kidesy 15,47 2125
Lefs Kidey 47 2104
Lambr Spins 184 3Bt
Leng 143z )
Bare Merow 449 | §: ¥4
[dopsy}
Blood £56 8
Blozd Bist 7% 50- 55 775
Y {tox)
Usinary sssreuon 1.5% TD u 1319%TD 14.1% 1D 13.6% 7D IR0%RTD & IR TR A
11}-io {% TD} 3 b A& br m b ATl Trh T
Uricy exoretion 1222TD  33%TDa 161% TD &
50.Y (% TH} o BT b B T

u .
EXAMPLE IV and methotrexaie are prefered o be administered for this

SENSITIZATION OF LYMPHOMA CELLS BY
ANTI-CD20 ANTIBODY

Apoptosis is a phenomenos n e2ll hiology, whersin a cell
becomes commitizd 10 its own desmuction. A cell whick is
anopienic displays-characteristic changes in mewbolism,
which ultimpiely resolt io fegmenmion of cotlular DNA
ond tyss of the ceil

The excellen resuits desexibed above fur miioiramuno-
therapy using am anii-CDZ0 anibedy might be due, in part,
tn sypergism in the induction of apopiosis by binding of the
anti-CD20 antibody and the inadiaton of the tuoor celb
The evidence for this hypothesis comes primarily from the
wmer responses observed 1o tke mece-labeted antibody
edministered for imaging PUrpOSEs.

Given such synergism in the inductdon of apoptosis by
Yinding of unkabeled ang-CD20 and some second insult 1o
\he £2tl, it is expacied that adminiswmion of 2o ami-Ch20
entibody could be combined with & veriety of secondary
wreztimens to achizve the same synergism For example,
binging of a second miibody, direcied ageinst a differont
entipen than CD20, that s conjugated 1o a radionuclide
would provide th= same sysergistic second ingult w the
wmor cell 2 is provided by an anti-CDZ0 radicimmuno-
conjugae.

Alsa, & similar cffzes couid be provided by extemal beam
tradiztion. I extermal heam jrradiation i5 used, then the dose
10 be administered should be in the range of 100 w 250cCy
1 whole body if bene marrow replacement supposR is net
contemplated. However, if bone marrow replacoment isused
ps #n adjunct therapy, doses 25 high B 1000 cGy to whale
body could be used. Such a large doss would likely be
adrririsiered in a series of fractional doses.

Finally, one can eonsider inducing the apoplosis svenis
synerpisticaily by administering & chemotherapeslic agenl
In cheosing the chemotherapsutic agent, one would prefer-
ahly employ & drug which is 2 DNA alkylsting agent, such
es cyclophosphamide or chioramibucil Another preferred
class of drugs are the antim=tzholites, such as metholrexaie,
In paniculas, cyclophosphamide, chlprambucil, doxorubicin
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mode of therapy.
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What is claimed is:

L A method for immunotherapy of B-cell Iymphoma,

which comymises:

{i} administering 1o z patient an imaging effective amount
of zn antibody, or 3 Fab, Fab’ or F(ab'), portion thereor,
trace labelled with a first ragdiclabel, which binds ta
CD20 antigen preseat o the surface of cells of said
B-call lymphoma;

{iD) imaging the distrilmtion of said jabelled antibody, or
a Fab, Fub' or F(ah), porting thersof of step (f), within
the body of the patient;

{iili) admisistering 10 the patienr s amount of the anti-
body ar a Fab, Faby' or F(zb), portion thervof of step (D
in unlehelled form, which binds 1 CD20 antigen
mresznton the sucface of culis of said B-cell lymphoma,
said amowunt effective for blocking non-tumor binding
sies for en 2ntibody, or Fab, Fab' or Flab'y, pertion
thereof effeciive for ueating B-celi lymphoms, within
the body of the patient; and

(iv} administering o the patizot a sadioimmurathempen-
tically effective amouni for treating B-cell Iymphoma
of said amibody, or a Fah, Fab' er F{ab, porion
thereof of stzp- (3), this is labelled with said first
radiolabs! or with o different radiolabel whereln the
emount of radivactivity is fess than the ampunt thyt
pravides inadiation a1 2 dose which eanses myzelosup.
pression severe entugh 1o require the mintraduction of
hematopuietic stem cell into the patient in order for the
to recover hematopoietic funcon after administriion
of sald antibody ar Fab, Fab' or F(ab?), portion thereaf
which is administered in sxd radisimmunatherapeasi.
cally effective amount,

0(pr 2570 (1993,
Acad. Sl USA. 78:6
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4 ‘The method of claim 1, wherein said amibody is
jahzlled with a B emiser

1. The method of claim 2, whersin said antibody is
lzbolled with an isatope selscted from the group eonsisdug
af 134, 7Y and "*Re.

4. The method of claim 1, wherein the amount of radio-
acxivity for therapy provides imadiation i a dose in the mnge
of 10 10 200 cGy o the whole hody of said paient po
administration.

5 The method of tlaim 4, wherin the amount of antibody
atministersd in step () is the same as the amount adminis-
tered in steps (i) and (i)

&. The method of claiw 4, wherein the anbody, or Fab,
Fab' o7 F{ab'), fragment thereof of sicp (3), and the antibody,
Fub, Fab' or F{ab'), fragment thereof of step {iv), are labeled
with 'L

" The mesthod of claim 1, whersin the amount of radic-
activity for therapy providzs irrzdiacion at a dose in the range
of 25 v 150 cGy 10 the whote hody of said paliznt per
administration.

8. The mzthod of tiaim 1, wherein the antibody admin-
istered in step (i) is labelled with *Tc ot **In znd wherein
the antibedy administered in step (V) is Izhelied with an
ié%mps selecied from the proop consisting of *»'L Y ad

Re.

8. The method of claim &, wherein the amount of aptibody
adeministered in step (i) is 1he same as the amoum afirninds-
tered in steps (iif) and Giv).

20

10, The meihed of claim 1, whezein an amount of radio- 7

activity between 5 and 250 w3 i administered 1o the
patient in step (v}

11, The method of caim 1, wherein the zmount of
antibody administered in step (i) is the same a5 the amonnt
administzred in sieps (i) and (iv).

12, The method of claim 11, whessin tie antibody, ur Tl
Fab' or F(zb"), fragment thereof in step {i), and the miibody,
Fab, Faby' or F{ab’),[ fragment thereof in steps i) end (v),
are Jobeled with ML

13. The method of cieim 1, wherein the amtibody, or Fab,
Fab' or F{ab'), fragment thereof of stzp (i), and the antibody,
Fab, Fab’ or F{2b, fregment thereo! of siep {iv) are 1abeled
with BIL

14. A teethod for immunatherapy f a neoplasm of B cell
lineage, which comprises:

{i) administaring to a padent an imaging efective amomt
of an antibody, or 2 Fab, Fab' ar F{ab,, purtion theresf,
which binds 10 CD20 mtigen present on the suwrface of
cells of B linemge that is trace-labelled with a first
radinlzbel;

{if) imaging the distribution of said labelad antibody, ar
Feb, Fab' or F(ab), portion thereof of step (i), within
the budy of the patient;

(iti) administering to the paient an amount of the anti-
body, or a Fah, Fab' or F(ab'), porticn themof of step ()
in uniabelled form, said amount being effectve for
blocking non-specific hinding sies for an antibody
effective for wreatng said neoplasm of B-ceil lineage
within the body of the parienas; and

(iv) adminisiering to the patient 2 radioimmunntherapzu-
tically efeciive amoum for treating said neoglasim of
B-cell lineage of said zntibody, or a Fab, Fab' or F{ab?)y
ponion thereef of step &), which binds tp CD20 antigen
present on the sarface of said coiis of B lineage, that is
Tabsli=d with said fisst radiolabel or with a differest
radiolabel wherein the amount of radiozclivity is less
than the amounl that providss imadiation &t 2 dose
which causes royelosuppression sevem tmough 1o

W

L

i
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require the reintroduction of hemalnpoietic stzm celis
inlo the patient in order for the patient o recover
hematopoielic funcion afier administration of said
anyibody, or Fab, Fab' or F{ab'), ponion thereof which
is adeministered in said radioinmunotherapemically
cliective amounl

18. The msthod of claim 14, wherin the amoum of
antibody administered in step (3) is the same as the amount
administered in each of staps (i) and {iv}.

16. A method for immunoherapy of B-cell iymphoma,
which comprises:

(7} administering 10 & paticnt an imaging efective 2mount
of an antinody, or a Fab, Fab' or F{ab'), portion thezzof,
which binds 10 CD20 aniigen present on the surface of
colls of said B-celi lymphoma that i trace 1abelled with
a radiolapel;

{ii) imaging the disisibution of said lzbelled antibody, or
Fab, Fab' or F{ab?), punion thereof of siep (3), within
the body of the patient;

(iil) administering 1o the patiznt m amonnt of the anti-
hody, or 2 Fab, Fab' or F(ab’), portios thereof of stiep (1
in unlabelled form, which binds 1w CD20 anigen
present on the surface of cells of said B-cell lymphoma,
sai¢ amount being =fective for blocking noo-tnmor
binding siies for an amiboty effective for Lreating
B-cell lymphoma within the body of the pajens; and

(iv} admindstering 1o the patent a radinimzmunothecapeu-
tically effective amount for oeating B-cell lymphoma
of said labzlled antibody, or 2 Fab, Fab' or Flab)
pontion therzof of siep (i), which binds lo CD20 antigen
present on the surface of eells of said B-calt lymphoms,
wherein the amoumt of radioactiviry is less thas the
amount thal provides irradiailion al a dose which causes
myslosuppression severs encugh to require the reintro-
Shotfon of hemoismniatis e celle inte the nabent in
order for the patient ©o recover hematapoietic function
after adminisration of the mdinimmanatherapeutically
pfingtive amount of said amibody, or Fab, Fab' or
Fl{ab'), portion thereof which Is adrministered in said
radioimmunotherapestically effsctive amount.

17. The method of claim 16, whersin the amount of
antibody administared in step (i) is the same as the amouxt
administered in each of steps (i7) and (iv).

18. A method for immmmotherapy of B-cell lymphome,

" which comprisss:

(i) pdmimisiering 16 a paent an cifective amomt of
urlabeled antibody, or 2 Fab, Fab' or F(ab’), ponion
thereof, which binds to CD20 amtigen present cn the
sirface of celis of said B-cell lymphoma, said amoun
pfiective for blocking non-tumor binding shes for said
antibody in the bady of szid patient;

(i) admimistering an imaping effective arsount of the
anifbody, or a Fab, Fab' or Flab?), portion thereafl of
step (3), which binds to CD20 antigen presani on the
surface of calls of said B-c2ll lymphoma, that is tace-
tgbelied with a first radiclabel;

(iii) imaging the distribution of said labelied antibady, or
2 Fab, Fab' or F(ap’, portion thereof of step (i), within
the body of the patieat;

(iv) adminisixing W0 the patieni an amount of the unla-
beiled antibody, or s Fab, Fab' or Flab), ponion
thereal, which binds 1o CD20 antigen present on the
siirface of cells of szi¢ B-czlt lymphema, said amount
efective for Dlocking non-tumer binding sites for an
antivody efective for wreating B-eof) lymghoma, or
Fab, Fab* or Fiab’}, portion therzol, within the body of
the patient; and
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(v) edministering 1o the patiem a radioimmunotherapay-
tically effective amount for ucating B-call lymphoma
of said amibody, or & Fab, Fab' or F(ab"), pordon
therzof, of sizp {if} which binds to COIG antigen
presant on the sarface of cells of said B-call lymphoma,
that is lshelled with sald fist radiolabel or with 3
different radiofabe) wherein the amount of radigactivity
is Jess than the amount that provides iradiation at a
dose whith canses myeinsupprassion severe enavgh 1o
require the reintroduction of hematopoiztic stem cells
into the patient in order for the patient 1o mcover
hemaopeistic finction afer adminisirasion of said
atbody or Fub, Fab' or Fab"), portivn thereof which
is adminisiered in said radiviinmunathsrapeutically
effective amount.

19, The method of claim 18, whersin the amount of
antihody adminisiered in siep (if) is the sams as the amourt
administesed {a step (iv),

20, The metbod of claim 19, whersin the antibody, er Fab,
Fab'or F{ab'}; fragment thereof of step {i}, and the anlibody,
Fab, Fab' or F(ab"), fraoment thereaf of step (iv}, ame 1aheled
with 13,

21, The method of ciaim 18, wherein the antibedy, or Fab,
Fab' or F{ab"), frapment therpaf of step (i), and the anibody,
Fab, Igalb or F{gh'), fragment thereof of step {v), are jabzled
with ='E

22 A method for immunotherapy of Becell lyrphoma,
which comprises:

(i) adminisicring t = patient a first ameont of an unla
beled antibody, or a Fab, Fak' or F(ah), portion theresf,
which biods 10 CDD20 actigen present on the surface of
cells of said B-gell lymphont, said first amount effec-
tive for blacking wop-tumer binding sites for said
antibedy in the bedy of said pasizny;

{1}) administering to 2 patient an imaging effective amoant
of said antibody, or 3 ¥Fab, Fab' aor F(ab}, porden
thereof of step {7), which & wrace-lzbeled with 2 first
radigiabel;

2

2
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(iif) imaging the disirfbution of seid Jaheiled antibody, or
Fab, Fab' or F(ab", portion thereaf of step (), within
the body of the patient;

s (v} administering 1o the patiem 8 second amoun; of the
tnlabelied antibody, or a Fah, Fab' or F{ab), portisn
thereof, as was used i step (B, said second amount
effective for blocking nomtumar antibody binding sitss
within the body of the patisng and

W (v) administering 1o the patiznz 2 radioimmumotherapsy.

tically effiective 2mount for tezating B-celt lymphama
of said antibody, or a Fab, Fab' ar F(ab), portion thermof
of step {H), which binds 1o CD20 antigen present on the
surface of cells of said B-cell lymphoma, thar is

s inbelled with said frst radiclabel or witk 2 differen

raciolabel wherein the amonnt of radicactivity is less
than the amownt that provides jeradintion ar 2 dose
which causes myslosuppression severe engugh 1o
Tequise the reintroduction of hemaoppistic stem cells
into the patient in order for the patient 10 recover
bematepoictic function afer administration of said
antibady, or Fzh, Fab' or Fiah?), portion thereof which
is administared in said rdidimmumothemapetically
effective smount,

23, The methed of claim 22, whereln the amonat of
antibody sdminisiered in step () is the sam ay the amount
adrministered in the thetapeutic siep {iv),

24, Tae method of cinim 23, wharedn the antibedy, or Fab,
Fab' or F(ab’}, fragmeat thereaf of step (i), and ths antfbogy,
Fab, Fab' or F{ab"), fragment thereof of step (v}, are labeled
Wi{fl BlL

25, The method of claim 22, wherein the antibedy, o7 Fah,
Fab' or F{zb), fragment thewof of step (1), and the antibody,
Fab, E:;b or Flab'); fragraent thereof of step (v), e labeled
with P11
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Column 1
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